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(g) Trls carbamlc acid esters: Inhibitors of cholesterol absorption; inhibitors of ACAT and CEH. 

(57) Inhibition of the enzymes cholesterol ester hydrolase (CEH) and/or acyt coenzyme A: cholesterol 
acyltransferase (ACAT) results in the inhibition of the esterification of cholesterol and are therefore 
implicated in the inhibition of absorption of cholesterol and thus can lower serum cholesterol levels. 
Tris carbamic acid esters of the formula : 
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O-C-N-A-O-C-N 



(D 



where Z is 



Z is -Ar 1 , -Ar^Ar 2 , -Ar 1 -0-Ar 2 ,~Ar 1 -S-Ar 2 , -A^-O-C-Ar 2 , 
o o 

-A^-C-O-Ai 2 , -Aj^-C-Ai 2 -Ar^CH^i^o Ar 2 , 



o 
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CO 
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-Ar^CH^T^O-Ar 2 , -A^-O^CH^^ Ar 2 , 



-AiHr cr 6 =cr 6 — n^Ai 2 
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A _ or -Ar 1 -(CR=CR) 1 _ y -Ar 2 , -Ar 1 -NR 7 -AR 2 and A is a linking group inhibit the enzym s CEH and/or 
ACAT (in vitro) and inhibit absorption of chol st rol. 
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This inv ntion relates to tris carbamic acid sters, processes for preparing them and pharmaceutical com- 
positions containing them. 

Cholesterol ester hydrolase and acyl-CoA cholesterol acyltransferase have been implicated in the rees- 
terification and absorption of exogenous cholesterol. It has been demonstrated that removal of CEH from pan- 

5 creatic juice results in an 80% reduction in the uptake of cholesterol into the bloodstream in rats [Hoisie, J. 
Biol. Chem. 262 , 260-264 (1987).] Furthermore, several lines of investigation have indicated that ACAT may 
play a key role in the intestinal absorption of cholesterol [DeVries et a/., J. Med. Chem. 29, 1131(1985)]. The 
association between high serum cholesterol levels and coronary vascular disease is well documented; con- 
sequently compounds of this invention may be useful for treating atherosclerosis, familial hypercholesterole- 

10 mia, hyperlipemia, and like diseases. 

This invention relates to novel carbamic acid esters of 4 to 8 membered azacydoalkanols, particularly 4- 
piperidinol, which inhibit absorption of cholesterol from the intestinal tract and have been shown to Inhibit the 
enzymes, cholesterol ester hydrolase (CEH) and/or acyl-CoA cholesterol acyltransferase (ACAT). The novel 
CEH/ ACAT inhibitors of this invention have the formula: 



15 



R 1 

20 Z-O-C-N "-j o-C-N-A-0-C-N // 

|^)p | \ 



25 



30 
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R 3 



R 5 

a) 



wherein 

p is 0, 1, 2, 3,or4; 

Z is -ArS-Ari-Ar 2 ,-Ari-0-Ar2,-Ari-S-Ar2, 



O 

-Ar^O-C-Ai 2 , 



O O 
— Ar'-C-O-Ar 2 , — Ar^C-Ar 2 



-Ari-iCH^Lzo-Ar 2 , -ArMCH^.zo-O-Ar 2 , -Ar^-O^CH^^^Ar 2 , ^-(CR^CRej^-Ar 2 or -Ar 1 -NR 7 -Ar 2 ; where R 6 
40 is hydrogen or C^-C 6 alkyl and R 7 is hydrogen, C^Ce alkyl, C r C 8 alkylcarbonyl or C^Ce alkoxycarbonyl; 

and Ar 1 and Ar 2 are, independently, selected from phenyl, naphthyl, furanyl, benzofuranyl, dibenzo- 

furanyl, pyridinyt, pyrimidinyl, pyrazinyi, thienyl, benzothienyl, imidazolyl, oxazolyl, 
benzoxazolyt, thiazolyl, benzthiazolyi, isoxazolyl, benzisoxazolyl, indenyl, indolyl, qui- 
nolinyl, isoquinolinyl, benzotriazolyl, carbazolyl, be nz imidazolyl, orfluorenyl, 
45 and Ar 1 and Ar 2 , independently, are optionally substituted by fluorine, chlorine, bromine, iodine, cyano, 

nitro, -C0 2 H, C^C^o alkyl, C2-C20 alkenyl, CyCe cycloalkyl, C^C^o alkoxy, C 1 -C 2 o al- 
kyl-^Ci-C^ alkyl)-, Ct-C^o alkyl-O-fCi-Cao-alkylJ-O-, trifluoromethyl, C^C^ alkyl- 
carbonyl, C3-C 8 cydoalkyloxy, C^C^ alkyl carbonyloxy, C^C^o alkoxycarbonyl, mono or 
di Ci-C^o alkylaminocarbonyl, tetrazolyl, -OH, -(CHzWOH. -SH, -IMH 2 or-(CH2)i-«-NR 8 R 9 
50 where R 8 is C1-C20 alkyl, C r C2o alkylcarbonyl, C^C^ alkoxycarbonyl and R 9 is hydrogen or Gr 

C20 alkyl or R 8 and R 9 together with the interposed nitrogen atom form a heterocyclic 
ring of the formula: 

55 



3 



EP 0 635 501 A1 



(p u 

-N X 



10 where q is 0, 1 or 2, r is 1 or 2, u is 0 ? 1 or 2 ? R 10 is C^C a alkyl and X is -O-, -S-, -NR 11 - 

where R 11 is H, C^-C^ alkyl or benzyl or -CR 1 2R 13 - where is H, OH, CVC^ alkyl, 
CVC20 alkoxy, C^C^ alkyl carbonyfoxy, Ar 1 or-fCH^i-io-Ar 1 , R 13 is H, C1-C20 alkyl, or 
R 12 and R 13 together with the interposed carbon forms a 3 to 8 membered carbocyclic 
ring; 

is A is a bridging group selected from: 

a saturated or unsaturated, straight or branched hydrocarbon chain of 1 to 20 carbons and which 
may have 1 to 6 sites of olef inic and/or acetytenic un saturation; 
a group of the formula: 

-(CH2) m -W-(CH2) n - 

20 where m and n are 1 to 19, m+n is 2 to 20 and W is a group selected from -O-, -S-, or 

-NR 14 - where R 14 is hydrogen, C^-C^o alkyl, CVC20 alkyl carbonyl, CVC20 alkoxycarbonyl, or benzyl; 
a group of the formula: 

-(CH2) b -Y-(CH2) c - 

where b and c are 0 to 20, b+c is 1 to 20 and Y is selected from the group consisting of: 

25 



30 




(CH 



3-8 



^ ■ 



V j> . — o— 



s' 



35 




NH 



40 



45 



or 



,15 



50 



where R 15 is H, CrCa alkyl, Ci-C^o alkyl carbonyl, 
C1-C20 alkoxycarbonyl, or benzyl; or 
A together with R 3 and the interposed nitrogen form a heterocyclic moiety of the formula: 



55 



R 16 

R 17 
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where 

s is 0, 1, 2, 3 or 4, t is 0 to 15, and R 18 and R 17 are, independently, hydrogen, C^Cs aJkyl, C^-Cs 

alk xy, Ct-Ce alkylcarbonyl, hydroxy, cyano, C r C e alkylcarbonyl xy, or -(CHJo-e-NR^R 19 where 
R 18 is C^Cs alkyl, CVCa alkoxycarbonyl, or CVCe alkylcarbonyl and R 19 is hydrogen or CVCa al- 
kyl; 

R 1 and R 2 are independently hydrogen, C^Cs alkyl, C r C 8 alkoxy, C^Ca alkylcarbonyl, hydroxy, cyano, 

Ca alkylcarbonyloxy, or -(CH^o^a-NR^R 19 where R 18 is C r C 8 alkyl, Ci-Cq alkoxycarbonyl, or C r 
C 8 alkylcarbonyl and R 19 is hydrogen or C^-C B alkyl; 

R 3 is H, Ct-Cs alkyl or Ct-C 16 arylalkyl where aryl is phenyl optionally substituted with a C r Ca alkyl 

group or is combined with A to form a heterocyclic ring as described above; 

R 4 and R 6 v— f 

are independently hydrogen, C^C^ alkyl, C2-C20 alkenyl, C3-C 10 cycloalkyl, •(CH 2 /1 - 20V C3_ 10 cy- 

cloalkyl), 4CH 2 )i_2oAr 1 , or -(CH 2 )i_2aNR2°R 21 where R 20 is CrC^ alkyl, C^-C^ alkenyl, C,-^ al- 
kylcarbonyl, Ci-Czo alkoxycarbonyl or benzyl; and R 21 is hydrogen or C r C2o alkyl, wherein Ar 1 
is defined above, or 

R 4 and R s together with the interposed nitrogen form a heterocyclic moiety of the formula: 

(R 10 )u 

N X 

where r, q, u, R 10 and X are as defined above, 
or a phaimaceutically acceptable salt thereof. 

In the preceding group of compounds, the preferred values for Z are: 
Z is -Ar\ -Ari-Ar 2 , -Ar 1 -OAr 2 f -Ar^-S-Ar 2 , 

O 

, ii , 

-Ar 1 -0-C-Ai 2 , 

o o 

II II 

-Ar'-C-O-Ar 2 , -A^-C-Ar 2 , 

-Ar 1 -(CH2)r2o O-Ar 2 , -Ar 1 -(CH 2 )T2o'0-Ar2 ? -Ari-CHCHz) f20~ Ar 2 , -ArH" CR 8 =CR 8 — *1_ 3 Ar 2 where 
R 6 is H or C r C 8 alkyl, or -Ar 1 -NR 7 -Ar 2 where R 7 is hydrogen, CVCe alkyl, C^C 8 alkylcarbonyl or C^Ca al- 
koxycarbonyl and Ar 1 and Ar 2 are selected from phenyl, naphthyl, f uranyl, benzofuranyl, dibenzofuranyt, 
pyridinyl, thienyl, benzothienyl, imidazolyl, oxazolyl, benzoxazoiyl, thiazolyi, benzthiazolyl, isoxazolyl, 
benzisoxazolyl, indenyl, indolyl, quinoiinyt, isoquinolinyl, carbazolyl, benzimidazolyl orfluorenyl; and Ar 1 
and Ar 2 may be optionally substituted by fluorine, chlorine, bromine, iodine, cyano, nitro, -C0 2 H, C^Cs 
alkyl, C^Ca alkoxy, C^-Ce alkenyl, trifluoromethyl, C3-C 8 cycloalkyl, C3-C8 cycloalkyloxy, CVCa alkyl- 
carbonyl, C r C 8 alkoxycarbonyl, C^-Ce alkylcarbonyloxy, -NH 2 , -(CHJi-e-NRW where R 8 is C^-C e alkyl, 
CrCa alkylcarbonyl or CVCa alkoxycarbonyl, and R 9 is hydrogen or C r Ca alkyl. 
The preferred values for A in the generic description of the compounds of this invention is: 
A is a bridging group selected from: 

a saturated or unsaturated, straight or branched hydrocarbon chain of 1 to 20 carbon atoms which may 
have 1 to 6 sites of olef inic and/or acetylenic unsaturation; 
a group of the formula: 

-(CH^-W-fCH^- 

where m and n are 1 to 19, m+n is 2 to 20 and W is a group selected from -0-, -S-, or -NR 14 - 
where R 14 is hydrogen, C^Ca alkyl, CVCa alkylcarbonyl, C,-C B alkoxycarbonyl or benzyl; 
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15 



25 



30 



a group of th formula: 

-(CH2) b -Y-(CH2) c - 

where b and c are each 0 to 20, b+c is 1 to 20, and Y is selected from the group consisting of: 

-@--f> _@_ -Or 

or A together with R 3 and the interposed nitrogen form a heterocyclic moiety of the formula: 



where s is 0, 1, 2 or 3 and t is 0 to 15. 
In addition, the preferred values for R 4 and R 5 are, independently, hydrogen, Ci-C 12 alky I, C2-C 8 alkenyl, 
20 Cs-Cq cycloalkyl, -(CH2)i-ia-(C3-C 10 cycloalkyt), -(CHJi-ioAr 1 , -(CH^i-io-NR^R 21 where R 20 is d-C« alkyl, CV 
C e alkenyl, C^-Cq alkylcarbonyl, C^-C Q alkoxycarbonyi or benzyl, and R 21 is hydrogen or C t -C 8 alkyl, or R 4 and 
R 5 together with the interposed nitrogen forms a heterocyclic moiety of the formula: 



<j* l °>u 



-N X 



where 

q is 0, 1 or 2, r is 1 or 2, u is 0, 1 or 2, R 10 is C r C 8 alkyl and X is -O-, -S-, -NR 11 - where R 11 is hydrogen, 
35 Ci-Ca alkyl or benzyl or X is CR 12 R 13 where R 12 is hydrogen, hydroxy, C t -C 8 alkyl, C^O & alkoxy, and R 13 is 
hydrogen or C^-Cq alkyl, or R 12 and R 13 together with the interposed carbon forms a 3 to 8 membered carbo- 
cydic ring. 

In the above description of the novel compounds of this invention, the term alkyl encompasses branched 
as well as straight chain hydrocarbons; and the term alkenyl includes branched and straight chain alkenes hav- 

40 ing from 1 to 3 double bonds. The term "alkoxy" refers to the alkyl-O- moiety. Substituents for Ar 1 and Ar 2 may 
number five (e.g. fluorine, chlorine) or less, e.g 1 to 3. The term pharmaceutical ly acceptable salts encom- 
passes acid addition salts that may be formed from a basic invention compound and a pharmaceutically ac- 
ceptable inorganic or organic acid such as hydrochloric, sulfuric, phosphoric, acetic, maleic, fumaric, succinic, 
citric, tartaric, methanesulfonic acids and the like; a basic salt formed from an acidic invention compound and 

45 a pharmaceutically acceptable metal cation such as sodium, potassium, magnesium or calcium, the ammonium 
salt or an amine salt such as the triethylamine salt, or a quarternary salt formed from a basic invention com- 
pound and a pharmaceutically acceptable alkyl or aralkyl halide such as methylbromide or benzyl bromide. The 
compounds of this invention may be recovered in the form of a solvate or hydrate. It is understood that the 
name of the compound itself encompases these simple solvates. 

so This invention also provides processes for preparing the compounds of this invention, which processes 

comprises one of the following: 

a) reacting a compound of formula: 



55 
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R 1 

O I O O 

ii r-h ii ii 

Z-O-C-N -: O-C-N-A-O-C-B 

" 2 R3 (ID 

10 wherein p, R\ R 2 , R 3 A and 2 are as defined above and B is a leaving group such as chlorine, p- 

nitrophenyl or imidazolyl, with an amine of formula: 

HNR 4 R 6 (III) 

wherein R 4 and R 5 are as defined above, to give a compound of formula I as defined above, 

or 

15 b) reacting a compound of formula: 



R 1 



20 



25 



i /+, f 

Z-O-C-N O-C-N-A-OH 

R 2 R (IV) 



where ing p, R 1 , R 2 R 3 , A and Z are as defined above, with an tsocyanate of formula: 

R 4 NCO (V) 

wherein R 4 is as defined above excepting hydrogen, to give a corresponding compound of formula 
I where R 4 is as defined in connection with formula V and R 5 is hydrogen, 
30 or 

c) reacting a compound of formula: 




wherein p, R*-* and A are as defined above with a compound of formula: 



z-o-c-b (vn) 

50 

wherein Z is as defined above and B is a leaving group, e.g. p-nitrophenyl, chlorine or imidazolyl. 
After any of the aforementioned processes the compound of formula I may be isolated as a pharmaceutical^ 
acceptable salt or as the free base. 

In the processes above reactive substituent groups may be protected during the reaction and the protecting 
55 groups removed thereafter. Starting compounds of formula II, III, IV, V, VI and VII are either known compounds, 
analogous to known compounds or can be prepar d by methods as describ d h reinafter. 
With regard to processes (a) and (c) the r acti n can be conv niently carried out in an inert solvent in the pres- 
ence of an acid acceptor. 



7 
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Process (b) can be c nveni ntly carri d out in an inert solvent if requir d with h ating. 

The compounds f this invention are most conveniently prepared by reacting an interm diat hydroxy com- 
pound with phosgene or a phosgene equivalent followed by adding an appropriate amine or amine hydrochlor- 
ide in the presence of a base in a suitable solvent The preferred phosgene equivalent is 4-nitrophenyi chlor- 
oformate and the most suitable solvents are methylene chloride, chloroform and di methy If orrn amide. When 
convenient, an isocyanate or carbamoyl chloride can be prepared and reacted directly with the alcohol to give 
the desired carbamates (RVH) outlined in Scheme II. The preferred synthetic route is illustrated in Scheme I. 



Scheme I 




R 2 
4 



Preferred compounds of this invention are of formula 6 where p is 2, R 1 and R 2 are H, and the preferred 
compounds therefore have the following formula: 



8 
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R 2 

o • o o 

5 HNR 4 R 5 , Z-O^^l '^-o^ff-A- 0 NR " r5 



,s Base 

R 2 



4-° 7~ 

\\4 )p R 3 

6 



20 

o o o 



Z-CT ^ w \ — r»^"^ N — A — O NR 4 R 5 

25 



30 The preferred piperidine dicarbamate structure 8 is used to illustrate the use of an isocyanate to make the 

compounds of this invention. 



^ Scheme II 



O 



Z-O^/ V-O-^N-A-OH +R 4 NCO ^ 



8 

o o o 

Z- ,/ \_ o /^ N _a-0 ^ NHR 4 



50 



Scheme III outlines a convenient synthetic method for preparing invention compounds 7 from a prepared 
55 common int rm diate 14 where the moi tyZistob van d. For illustrative purposes in Scheme I II, A is -(CH 2 ) 0 - 
and NR 4 R 6 is 8-azaspiro[4.5]decane-8-y1. Z may b activated by a variety of m thods known in the art of or- 
ganic sythesis. On such meth d is illustrated in Sch me III. Anoth r meth d of activating Z is as its chloro- 
form at as illustrated in Exam pi 26. 



9 
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Scheme m 

o 



hi/ ^— oh 



PhCH 2 OCOCl II 
2 PhCH 2 OCN ) — OH 



Et3N, CH 2 C1 2 




0 0"°' • • 

a- -o" ^ II / V II /~\ 

^ PhCH 2 OCN V— O-C-O ^ J— N0 2 

Pyridine, CH 2 C1 2 ^ ' \==/ 

10 



2 




Et 3 N, CH 2 C1 2 

11 



PhCH 2 OCN V- (W-Nftf CHjig OCO— 1 d—l 

rridine. CB>C1, \ / ^ — V 



— «-PhCH 2 OCN >-0-C-NH^CHf^OCO— ^ /)— NO, 

Pyridine, CH 2 C1 2 

12 
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15 



HN 



12 



o 



o 



Et 3 N, DMF 



12 



10% Pd-C/H 



o 



PhCH 2 OCN >— O-C-NH-f CHf^g O-C— f/ /\^] 



12 



EtOAc 



* HN 




14 



20 



25 



14 



NO, 



II 



Et3N, CH 2 C1 2 




IS 



30 



35 



40 



In the above outlined synthetic procedures of Schemes l-lli where a hydroxyl, amino, or carboxyl substitu- 
ent is present and not utilized in the carbamate forming reactions, the hydroxyl, amino, or carboxyl group may 
be protected by a removable protecting group. The protected form is recommended where the hydroxyl, amino, 
or carboxyl group may otherwise undergo an undesired reaction. Protecting groups for hydroxy!, amino, or car- 
boxy) groups are given in J. F. W. McOmte, Protective Groups in Organic Chemistry (Plenum Press, 1973) and 
T. W. Greene, Protective Groups in Organic Chemistry (John Wiley and Sons, 1981). The protecting group may 
be removed at a suitable later stage in the synthetic scheme during the course of synthesis of end products. 

The following specific examples for the synthesis of intermediates and invention compounds are included 
for illustrative purposes only and are not to be construed as limiting to this disclosure in any way. Those skilled 
in the art will be aware of other methods of preparing compounds of this invention. The starting materials or 
intermediates are available commercially or can be prepared following standard literature procedures. 



45 



50 
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Example 1 

Carbonic Acid (4- nitro phenyl) ester (4- phenoxy phenyl) ester 

A solution of 4-phenoxyphenol (50 g, 0.27 mol) and pyridine (22 mL, 0.27 mol) in 500 mL of methylene 
chloride was added under nitrogen dropwise over 1.5 hours to a solution of 4-nitrophenyl chloroformate (54 
g, 0.27 mol) in 500 mL of methylene chloride at room temperature. After the addition the reaction was stirred 
overnight at room temperature. The reaction was extracted two times with 1N HCI, multiple times with satu- 
rated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 94.86 g of a light yellow 
crystalline solid. Recrystallization from methylene chloride-diisopropyl ether gave 69.13 g (73%) of the title 
compound as a light tan crystalline solid, mp 113-115°C. 



Analysis Calc'd for C 19 H 13 N0 6 : 


C, 64.96; 


H, 3.73; 


N, 3.99 


Found: 


C, 64.63; 


H, 3.89; 


N, 3.93 
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Exam pi 2 

4-Hydroxy-1-piperidinecarfaoxylic acid 4-phenoxyphenyl ester 

A solution of the carbonate(45 g, 0.13 mol) produced In Example 1 in 250 mL of methylene chloride was 
5 added dropwise under nitrogen over three hours to a solution of 4-hydroxypiperidine (14.3 g, 0.14 mol) and 
triethylamine (19.7 mL, 0.14 mol) in 250 mL of methylene chloride at ice bath temperature. After the addition 
the reaction was stirred at ice bath temperature for 4 hours and at room temperature overnight. The reaction 
was extracted one time with 1N HQ and then multiple times with saturated Na 2 C0 3f dried (MgS0 4 ) and the 
solvent removed under reduced pressure to give 39.27 g of a light yellow solid. Recrystallization from diiso- 
10 propyl ether-methanol gave 31.78 g (79%) of the title compound as an off-white crystalline solid, mp 130- 
133°C. 



Analysis Calc'd for C 18 H 19 N0 4 : 


C, 69.00; 


H, 6.11; 


N, 4.47 


Found: 


C f 68.90; 


H, 6.18; 


N, 4.45 



Example 3 

4-(4^Nitro-phenoxycarbonyloxy)-piperldlne-1-carboxylic acid 4-phenoxyphenyl ester 

A solution of the alcohol (25 g, 80 mmol) produced in Example 2 and pyridine (6.4 mL, 80 mmol) in 300 
mL of methylene chloride was added under nitrogen dropwise over one hour to a solution of 4-nitrophenyl chlor- 
oformate (16.1 g, 80 mmol) in 200 mL of methylene chloride at ice bath temperature. The reaction was stirred 
at ice bath temperature for two hours and then overnight at room temperature. The reaction was extracted 
one time with 1 N HCI, two times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced 
pressure to give 37.3 g of an off-white solid. Recrystallization from 1:1 ethyl acetate: hexane gave 26.4 g (69%) 
of the title compound as an off-white solid, mp 108-1 09°C. 





Analysis Calc'd for C^H^N^: 


c, 


62.76; 


H, 4.63; 


N, 5.86 


30 


Found: 


c, 


62.99; 


H, 4.53; 


N, 5.85 



Example 4 

4-[[[(6-Hydroxyhexyl)amino]-carbonyl3oxy]-1-piperidinecarboxylic acid 4-phenoxyphenyl ester 

A solution of triethylamine (65.5 mL, 0.47 mol) and 6-aminohexanol (13.2 g, 0.11 mol) in 300 mL of me- 
thylene chloride was added dropwise under nitrogen to a solution of the carbonate (45.0 g, 0.09 mo!) produced 
in Example 3 in 500 mL of methylene chloride at room temperature. After the addition the solution was stirred 
at room temperature overnight. The reaction was extracted one time with 1 N HCI and then multiple times with 
saturated Na 2 CQ 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 47.0 g of an off- 
white solid. Recrystallization from methylene chloride-diisopropyl ether gave 35.5 g (83%) of the title com- 
pound as a white crystalline solid, mp 69-72°C. 



Analysis Calc'd for C^h^^Oe: 


C, 


65.77; 


H, 7.07; 


N, 6.14 


Found: 


C, 


65.49; 


H, 7.05; 


N, 5.85 



Example 5 

so 

4-[6-(4-Nitro-phenoxycartoonyloxy}-hexylcart)amoy acid 4-phenoxyphe- 

nyl ester 

A solution of the alcohol (40.0 g, 88 mmol) produced in Example 4 and pyridine (7.1 ml, 88 mmol) in 300 
mi of methylene chloride was added under nitrogen dropwise over one hour to a solution of 4-nitrophenyl chlor- 
55 oformate (17.7 g, 88 mmol) in 300 ml of methylene chloride at ice bath temperature. The reaction was stirred 
at ice bath temperature for two h urs and ver night at room temperature. Th reaction was extracted one time 
with 1N HCI, multiple times with saturated Na 2 C0 3 , dried (MgSQ 4 ) and th solvent remov d under reduced 
pressure to give 54.9 g of an off-whit solid. R crystallization from 1:1 thylacetat hexane gave 51.6 g (95%) 



12 
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of the title compound as a white crystalline solid, mp 117-120°C. 



Analysis Calc'd for C^H^NaC^: 


C, 61.83; 


H f 5.68; 


N, 6.76 


Found: 


C, 61.01; 


H, 5.65; 


N, 6.66 



Example 6 

4-[6-(Hexylcarbamoyloxy)-hexylcarbamoyloxy}-plperldine-1-carboxylic acid 4-phenoxy phenyl ester 

A solution of the carbonate (35.0 g, 56 mmol) produced in Example 5 in 400 mL of methylene chloride was 
added dropwise under nitrogen to a solution of hexylamine (8.9 mL, 67 mmol) and triethylamine (39.2 mL, 281 
mmol) in 400 mL of methylene chloride at ice bath temperature. After the addition the reaction was stirred at 
room temperature until it was judged complete by thin layer chromatographic analysis (TLC). If necessary, ad- 
ditional quantities of hexylamine and triethylamine can be added to drive the reaction to completion. The re- 
action was extracted one time with 1 N HQ, multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the sol- 
vent removed under reduced pressure to give 30.9 g of a white solid. Recrystallization from methylene chloride- 
diisopropyl ether gave 27.6 g (84%) of the title compound as a white crystalline solid, mp 79-80°C. 



20 


Analysis Calc'd for C32H45N3O7: 


C, 65.84; 


H, 7.77; 


N, 7.20 




Found: 


C, 65.83; 


H ? 7.80; 


N, 7.13 



25 Example 7 

4-[6-(Dih9xyl-carbamoyioxy)-hexy1carbamoyloxy-plperldlne-1-carfaoxy1ic acid 4-phenoxy phenyl ester 

A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5 in 30 ml of methylene chloride was 
added dropwise under nitrogen to a solution of dihexylamine (900 uJ, 3.9 mmol) and triethylamine (2.7 ml, 16 
mmol) in 30 ml of methylene chloride at ice bath temperature. The reaction was stirred at ice bath temperature 
30 for approximately one hour and then overnight at room temperature. The reaction was extracted one time with 
1 N HCI, multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure 
to give 2.35 g of a yellow oil. Purification of the oil by chromatography on 230 g of silica gel (230-400 mesh) 
using 10% ethyl acetate-methylene chloride as the eluent gave 1.90 g (88%) of the title compound as a clear 
oil, MS m/e 668 (M+H) + . 



Analysis Calc'd for C^H 57^07: 


C f 


68.34; 


H, 8.60; 


N, 6.29 


Found: 


c, 


68.63; 


H, 8.69; 


N, 6.30 



40 

Example 8 

4-[6-(Plperldine-1-carbonyloxy)-hexyl carbamoyl oxyl-plpe rid in e-1-carboxyllc acid 4-phenoxyphenyl 
ester 

45 A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5, piperidine (0.38 mL, 3.9 mmol) and 

triethylamine (2.2 mL, 1 6 mmol) in 30 mL of anhydrous dimethylformamide was stirred under nitrogen at room 
temperature overnight. The reaction was diluted with methylene chloride, extracted one time with 1 N HCI, mul- 
tiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 
1 .76 g of a white solid. Recrystallization from methylene chloride-diisopropyl ether gave 0.85 g (46%) of the 

so title compound as a white crystalline solid, mp 92-93°C. 



Analysis Calc'd for C 31 H 41 N307: 


C, 65.59; 


H, 7.28; 


N, 7.40 


Found: 


C, 65.49; 


H, 7.32; 


N, 7.11 



55 
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Exampl 9 

4'[6-Dibenzyt-carbamoyloxy)-hexyl"Cartoamoyloxy)-piperidine-1-carboxylic acid 4-phenoxyphenyl es- 
ter 

5 A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5 in 50 mL of chloroform (free of ethanol) 

was added dropwise under nitrogen to a solution of dibenzylamine (0.74 mL, 3.9 mmol) and tri ethyl amine (2.2 
mL, 16 mmol) in 50 mL of chloroform at ice bath temperature. After the addition the solution was heated to 
reflux and the reaction monitored by TLC. The reaction was extracted one time with 1N HCI, multiple times 
with saturated Na 2 C0 3 , dried (MgS0 4 ) and'the solvent removed under reduced pressure to give 2.30 g of a 

w brown oil. Purification on 250 g of silica gel (230-400 mesh) using ethyl acetate - methylene chloride as an 
eluent gave 1 .56 g of an oil. Crystallization of the oil from diisopropyl ether gave 1 .16 g (53%) of the diisopropyl 
etherate of the title compound as a white crystalline solid, mp 68-70°C. 



15 Analysis Calc'd C40H45N3O7K). 1 mole diisopropyl ether: C, 70.68; H t 6.78; 

N, 6.09 

Found: C, 70.85; H, 6.71; 

20 N, 5.87 

Example 10 

4-[12-(Hexytcarbamoyloxy)-dodecylcarbamoyloxy]-piperidlne-1-carboxy1lc acid 4-phenxoyphenyl es- 

25 ter 

A mixture of the carbonate (11.0 g, 23 mmol) produced in Example 3, 12-aminododecanoic acid (5.9 g, 28 
mmol) and triethytamine (16.0 mL, 110 mmol) in 300 mL of anhydrous dimethylformamide was stirred under 
nitrogen at approximately 70°C for 3 hours. The reaction was diluted with ethyl acetate, extracted two times 
with 1 N HCI, multiple times with water, dried (MgS0 4 ) and the solvent removed under reduced pressure to give 
30 16.3 g of an off-white solid. Purification on 400 g of silica gel (230-400 mesh) using 10% EtOAc-CH 2 CI 2 to 
remove the nitrophenol and then 5% MeOH-CH 2 CI 2 to remove the desired product gave, after removal of the 
solvent under reduced pressure, 4-(11-carboxy-undecylcarbamoyloxy)-piperidine-1-carboxylic acid 4-phenox- 
yphenyl ester (11.2 g, 88%) as a white crystalline solid, mp 88-90°C. 



Analysis Calc'd for C^n^^Oy. 


c, 


67.12; 


H, 7.63; 


N t 5.05 


Found: 


c. 


67.28; 


H, 7.60; 


N, 4.80 



A1M solution of BH 3 THF in THF (14.4 mL, 14.4 mmol) was added under nitrogen dropwise over 30 minutes 
to a solution of the acid (8.0 g, 14.4 mmol) produced in the previous step in 250 mL of anhydrous THF at ice 
bath temperature. The reaction was stirred at ice bath temperature for 1 hour and overnight at room temper- 
ature. By TLC analysis the reaction was not complete. An additional 21.6 mL (21 .6 mmol) of the BH 3 THF was 
added and the solution stirred at room temperature until the reaction was complete by TLC. The reaction was 
quenched by the addition of 60 mL of 1N HCI. After stirring at room temperature for 15 minutes the THF was 
removed under reduced pressure and the residue partitioned between 1N HCI and EtOAc. The organic layer 
was separated, washed one additional time with 1N HCI, dried (MgS0 4 ) and the solvent removed under re- 
duced pressure to give 7.43 g of a white solid. Purification on 800 g of silica gel (230-400 mesh) using hexane 
- ethyl acetate as an eluent and recrystallization from diisopropyl ether - methylene chloride gave 4-(12-hy- 
droxy-dodecylcarbamoyloxy)-piperidine-1-carboxylic acid 4-phenoxyphenyl ester (3.88 g, 50%) as a white 
crystalline solid, mp 75-76°C. 



Analysis Calc'd for C 31 H44N 2 0 6 : 


C, 68.86; 


H, 8.20; 


N, 5.18 


Found: 


C, 68.65; 


H, 8.24; 


N, 5.09 



A solution of th alcohol (1.00 g, 1.86 mmol) produced in the previous step and pyridine (150 uJ, 1.85 mmol) 
in 30 ml of methyl en chloride was added under nitrogen dropwise ov r one hour to a solution of 4-nitrophenyl 
chloroformate (0.37 g, 1.85 mmol) in 10 ml of methyl ne chlorid at ice bath t mp ratur . The reaction was 
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stirred at ice bath t mperature for 3.5 hours and th n ov might at room t mperatur . The reaction was x- 
tracted one tim with 1N HCI, multipl tim s with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent r moved 
under reduced pressure to grv 1.26 g of a white crystalline s lid. Purification of the solid on 300 g of silica 
gel (230-400 mesh) using 25% ethyl acetate-hexane as the eluent gave 979 mg (75%) of 4-[12-(4-nitrophe- 
5 noxycarbonyloxy)-dodecylcarbamoyloxy]-piperidine-1-carboxylic acid 4- phenoxy phenyl ester as a white crys- 
talline solid, mp 96-98°C. 



Analysis Calc'd for C38H47N3O7: 


c, 


64.67; 


H, 6.71; 


N, 5.95 


Found: 


c, 


64.74; 


H, 6.67; 


N, 5.77 



A solution of triethylamine (882 jil, 6.33 mmol) and 6-hexylamine (200 uJ, 1.51 mmol) in 20 ml of methylene 
chloride was added dropwise under nitrogen to a solution of the carbonate (893 mg, 1.27 mmol), produced in 
the previous step, in 20 ml of methylene chloride at ice bath temperature. After the addition, the reaction was 
stirred at ice bath temperature for two hours and at room temperature for approximately three days. The re- 
action was extracted one time with 1 N HCI, multiple times with saturated Na 2 C0 3f dried (MgS0 4 ) and the sol- 
vent removed under reduced pressure to give 799 mg of a white crystalline solid. Purification of this solid by 
recrystallization from methylene chloride-diisopropyl ether gave 734 mg (87%) of the title compound as a white 
crystalline solid, mp 98-1 00°C. 



20 


Analysis Calc'd for C38H57N3O7: 


C, 68.34; 


H, 8.60; 


N, 6.29 




Found: 


C, 68.33; 


H, 8.59; 


N, 6.21 



Example 11 

4-{6-[4-(2,2-Dimethy1-propyl)-benzy1^ 
acid 4-phenoxyphenyl ester 

A solution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5, 4-(2,2-dimethyl-propyl)-benzyt-hep- 
tylamine (1.1 g, 3.9 mmol) and triethylamine (2.2 ml, 16 mmol) in 30 ml of anhydrous dimethylformamide was 
stirred under nitrogen at room temperature overnight. The reaction was diluted with methylene chloride, ex- 
tracted one time with 1N HCI, multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed 
under reduced pressure to give 2.73 g of a light brown oil. Purification of this oil by chromatography on silica 
gel (230-400 mesh) using 10% ethyl acetate-methylene chloride as the eluent gave 2.11 g (87%) of the title 
compound as a clear oil, MS m/e 758 (M+H) + . 



Analysis Calc'd for C45H63N3O7: 


C, 71.30; 


H, 8.38; 


N, 5.54 


Found: 


C, 71.01; 


H, 8.34; 


N, 5.14 



40 

Example 12 

8-Aza-spiro[4,5]decane-8-carboxylic acid 6-{[1-(4-phenoxy-phenoxycarbonyl)-plperidine-4-oxycarbo- 
45 nyl]amlno}-hexyl ester 

Asolution of the carbonate (2.0 g, 3.2 mmol) produced in Example 5, 8-aza-spiro [4 f 5]-decane hydrochlor- 
ide (680 mg, 3.9 mmol) and triethylamine (2.7 ml, 1 9 mmol) in 30 ml of anhydrous dimethylformamide was stir- 
red under nitrogen at room temperature for 5 hours. The reaction was diluted with methylene chloride, extracted 
one time with 1N HCI, multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ), and the solvent removed under 
so reduced pressure to give 1 .85 g of a white solid. Recrystallization of this solid from methylene chloride-diiso- 
propyl ether gave 1 .0 g (50%) of the title compound as a white crystalline solid, mp 83-85°C. 



Analysis Calc'd for C^H^I^C^: 


C, 67.61; 


H, 7.62; 


N, 6.76 


Found: 


C, 67.83; 


H, 7.70; 


N, 6.48 
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Exampl 13 

(Z)-4-[6-(octadec-9-enylcartiamoyloxy)-hexylcart)amov^^ acid 4-phenoxy- 

phenyl ester 

5 A solution of the carbonate (2.0 g, 3.2 mmol), produced in Example 5 f in 30 ml of methylene chloride was 

added dropwise under nitrogen to a solution of oleylamine (1.6 ml, 3.9 mmol) and triethylamine (2.2 ml, 16 
mmol) in 30 ml of methylene chloride at ice bath temperature. After the addition, the reaction was stirred at 
ice bath temperature for approximately one hour and then overnight at room temperature. The reaction was 
extracted one time with 1 N HCI, multiple time with saturated Na 2 C0 3t dried (MgS0 4 ) and the solvent removed 

10 under reduced pressure to give 2.65 g of a light yellow solid. Purification of this solid on 300 g of silica gel 
(230-400 mesh) using 10% EtOAc-CH 2 CI 2 as the eluent gave 2.02 g (84%) of the title compound as a white 
crystalline solid, mp 74-76°C. 





Analysis Calc'd for C^Hej^O/: 


C, 70.46; 


H, 9.00; 


N, 5.60 


15 


Found: 


C, 70.01; 


H, 8.91; 


N.5.75 



Example 14 

(Z)-4-[12-(Octadec-9-onylcarl3amoyloxy)-dode(^carbamoyloxy}-piperidine-1-carboxylic acid 4-phe- 
noxyphenyl ester 

A solution of the carbonate (1 .5 g, 2.1 mmol) produced in Example 10, in 30 ml of methylene chloride was 
added dropwise under nitrogen to a solution of oleylamine (1.0 ml, 2.6 mmol) and triethylamine (1.5 ml, 11 
mmol) in 30 ml of methylene chloride at ice bath temperature. After the addition, the reaction was stirred at 
ice bath temperature for approximately one hour and then overnight at room temperature. The reaction was 
extracted one time with 1N HCI, multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed 
under reduced pressure to give 2.19 g of a yellow solid. Recrystallization of the solid from diisopropyt ether 
gave 1.47 g (83%) of the title compound as a crystalline solid, mp 83-84°C. 



30 


Analysis Calc'd for C60H79N3O7: 


C, 71.99; 


H, 9.55; 


N,5.04 




Found: 


C, 72.25; 


H, 9.70; 


N, 4.98 



Example 15 

4-[[[(3-Hydroxypropyl)amino]carfaony1]oxy]-1-piperidinecarboxylic acid 4-p he noxy phenyl ester 

A solution of the carbonate (10.0 g, 21 mmol) produced in Example 3 in 50 ml_ of methylene chloride was 
added dropwise over 1 hr under nitrogen to a solution of triethylamine (14.6 mL, 100 mmol) and 3-aminopro- 
panol (1.9 mL, 25 mmol) in 25 mL of methylene chloride at ice bath temperature. After the addition the solution 
was stirred at ice bath temperature for 1 hr and then at room temperature overnight. The reaction was extracted 
one time with 1 N HCI and then multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed 
under reduced pressure to give 8.23 g of a white solid. Trituration with hotdiisopropyl ether gave 7.56 g (87%) 
of the title compound as a white crystalline solid, mp 81-83°C. 



Analysis Calc'd for C22H36N2O0: 


C, 63.76; 


H, 6.32; 


N, 6.76 


Found: 


C, 63.80; 


H, 6.40; 


N, 6.98 



Example 16 

4-[6-(Hexylcarbamoyloxy)-propylcarbamoyloxy}-piperidine-1-carboxylic acid 4-phenoxyphenyl ester 

A solution of the alcohol (2.0 g, 4.8 mmol) produced in Example 15, triethylamine (540 |il, 3.9 mmol) and 
55 hexyl isocyanate (740 mg, 5.8 mmol) in 20 mL of CHCI 3 (EtOH free) was stirred under nitrogen at room tem- 
perature ov might. By TLC the reaction was not compl te. An additional 610 mg (4.8 mmol) of h xyl isocyanate 
was added and the solution refluxed. The reaction was monitor d by TLC. At the end of the r action the solution 
was extracted two times with 1 N HCI, dried (MgS0 4 ) and th solv nt remov d und r reduced pressur to give 
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2.70 g of a white solid. Recrystallization from diisopropyt ether gave 2.1 0 g (60%) of the titl compound as a 
white crystalline solid, mp 90-92°C. 



Analysis Calc'd for C29H39N3O7: 


c, 


64.31; 


H, 7.26; 


N, 7.76 


Found: 


c, 


64.38; 


H, 7.28; 


N. 7.67 



10 



15 



20 



25 



Example 17 

4-[3-(4~Nltro-phenoxycarbamoyloxy)-propylcarfaam acid 4-phenoxy- 

phenyl ester 

A solution of the alcohol (4.96 g, 12 mmol) produced in Example 15, and pyridine (970 uJ, 12 mmol) in 50 
ml of methylene chloride was added under nitrogen dropwise over thirty minutes to a solution of 4-nitrophenyl 
chloroformate (2.4 g, 12 mmol) in 30 ml of methylene chloride at ice bath temperature. After the addition, the 
reaction was stirred at ice bath temperature for one hour and overnight at room temperature. The reaction was 
extracted one time with 1 N HCI, multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed 
under reduced pressure to give 6.80 g of a white solid. Recrystallization of the solid from methylene chloride- 
diisopropyl ether gave 2.76 g (40%) of the title compound as a white crystalline solid. Recrystallization of the 
mother liquor from methylene chlo rid e-diiso propyl ether gave an additional 2.02 g (29%) of the title compound, 
mp 97-1 00°C. 



Analysis Calc'd for C&H&NsOw: 


C, 60.10; 


H, 5.04; 


N, 7.25 


Found: 


C, 59.92; 


H,4.92; 


N, 7.22 



30 



35 



40 



Example 18 

4-[9-(Nony1carbamoyloxy)-propylcarbamoyloxy]-piperldine-1-carboxylic acid 4~phenoxyphenyl ester 

A solution of the carbonate (2.0 g, 3.4 mmol) produced in Example 17 in 20 mL of anhydrous dimethylfor- 
mamide was added dropwise under nitrogen to a solution of nonylamine (760 uJ, 4.1 mmol) and triethylamine 
(2.4 mL, 17 mmol) in 20 mL of anhydrous dimethylformamide at ice bath temperature. After the addition the 
solution was stirred at ice bath temperature for 2 hrs and at room temperature overnight. The reaction was 
diluted with ethyl acetate, extracted five times with water, one time with 1N HQ, five times with saturated 
Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 1.94 g of an off-white solid. 
Recrystallization from diiso propyl ether gave 1 .55 g (77%) of the title compound as a white crystalline solid, 
mp 89-91 °C. 



Analysis Calc'd for C32H45N2O7: 


C, 65.84; 


H, 7.77; 


N, 7.20 


Found: 


C, 65.72; 


H, 7.84 


IM.7.22 



45 



50 



55 



Example 19 

8-Aza-spiro[4.5]decane-8-carboxytic acid 6-{[1-(4-phenoxy-phenoxycarbonyl)-piperidine-4-oxycarfao- 
nyl]-amino}-propyl ester 

A solution of the carbonate (2.0 g, 3.5 mmol) produced in Example 17 in 20 ml of anhydrous dimethylfor- 
mamide was added dropwise under nitrogen to a solution of 8-aza-spiro[4.5]decane (750 mg, 4.9 mmol) and 
triethylamine (2.9 ml, 21 mmol) in 20 ml of anhydrous dimethylformamide at ice bath temperature. After the 
addition, the reaction was sitrred at ice bath temperature for approximately 2 hours and at room temperature 
overnight The reaction was diluted with ethyl acetate, extracted four times with water, one time with 1N HCI, 
five times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 1 .93 
g of a yellow oil. The oil was chromatographed on 200 g of silica gel (230-400 mesh) using 30%-40% EtOAc- 
hexane as the eluent. The mat rial isolat d was then recrystallized from EtOAc-hexane to give 667 mg (33%) 
of the title compound as white crystalline solid, mp 92-93°C. 
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Analysis Calc'd for C 32 H 41 N 3 0 7 : 


C. 66.30, 


H, 7.13; 


N, 7.25 


Found: 


C, 66.35; 


H, 7.23; 


N, 7.33 



Example 20 

4-Hydroxy-piperidine-1-carboxylic acid benzyl ester 

A solution of benzyl chloroformate (35.3 ml, 0.25 moles) in 25 ml of methylene chloride was added dropwise 
under nitrogen over three hours to a solution of 4-hydroxypiperidine (25 g, 0.25 moles) and triethylamine (34.5 
ml f 0.25 moles) in 500 ml of methylene chloride at ice bath temperature. After the addition the reaction was 
stirred at ice bath temperature for four hours and at room temperature overnight. The reaction wasthen ex- 
tracted two times with 1N HCI, dried (MgS0 4 ) and the solvent removed under reduced pressure to give 53.1 
g (90%) of the title compound as a light yellow oil. 



Analysis Calc'd for C 13 H 17 N0 3 : 


c, 


66.36; 


H, 7.28; 


N, 5.95 


Found: 


c, 


65.77; 


H, 7.18; 


N, 5.35 



Example 21 

4-(4-Nltro-phenoxycarbonyloxy)-piperidine-1-carboxy»c acid benzyl ester 

A solution of the alcohol (72.3 g, 0.31 moles) produced in Example 20 and pyridine (37.3 ml, 0.46 moles) 
in 300 ml of methylene chloride was added dropwise under nitrogen over two hours to a solution of 4-nitro- 
phenyl chloroformate (92.8 g, 0.46 moles) in 600 ml of methylene chloride at room temperature. After the ad- 
dition the reaction was stirred for two days at room temperature. The reaction was then extracted two times 
with 1N HCI, multiple times with saturated Na 2 CC 3 , dried (MgS0 4 ) and the solvent removed under reduced 
pressure. Recrystallization of the crude product from methylene chloride-diisopropyl ether gave the title com- 
pound as a crystalline solid, mp 11 8-1 20°C. 



Analysis Calc'd for C^H^N^y: 


C, 60.00; 


H, 5.03; 


N, 7.00 


Found: 


C, 59.82; 


H, 4.93; 


N, 7.00 



Example 22 

4-(S-Hydroxy-hexylcarbamoyloxy)-piperidine-1-carboxylic acid benzyl ester 

A solution of the carbonate (128.826 g, 0.322 moles) produced in Example 21 in 450 ml of methylene chlor- 
ide was added dropwise under nitrogen to a solution of 6-amino-1-hexanol (56.6 g, 0.483 moles) and triethy- 
lamine (224.2 ml, 1.61 moles) in 2 L of methylene chloride at room temperature. After the addition the reaction 
was stirred overnight at room temperature. By TLC the reaction was not complete. An additional 37.7 g (0.322 
moles) of 6-amino-1-hexanol and 224.2 ml (1.61 moles) of triethylamine were added and the stirring continued 
overnight. By TLC the reaction was complete. The reaction was extracted two times with 1 N HCI, multiple times 
with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 95.0 g (78%) 
of a yellow oil which crystallized on standing, mp 50-52°C. 



Analysis Calc'd for C^H^N^: 


C, 63.47; 


H, 7.99; 


N, 7.40 


Found: 


C, 63.68; 


H, 8.07; 


N, 7.42 



Example 23 

4-[6-(4-Nitro-ph noxy carbonyloxy)-hexylcarbamoyioxyl-piperidin -1-carboxylic a id benzyl ster 

A solution of the alcohol (50 g, 0.13 moles) produced in Exampl 22 and pyridine (10.7 ml, 0.13 moles) in 
500 ml of m thylen chloride was added dropwis under nitrogen to a solution of 4- nitroph nyl chloroformate 



18 



EP 0 635 501 A1 



(26.64 g, 0.13 mol) in 500 ml of methylene chlorid at room t mperature. After the addition, the reaction was 
stirred overnight at room temp rature. A solid had formed which was removed by filtration. The filtrate was 
extracted two times with 1N HQ, multipl times with saturated Na 2 C0 3 , dried (MgS0 4 ) and th s Ivent re- 
moved under reduced pressure. Recrystaliization of the crude reaction product from hexane gave 27.9 g (39%) 
5 of the title compound as a light yellow crystalline solid, mp 78-80°C. 



Analysis Calc'd for C^H^NsOj,: 


c. 


59.66; 


H, 6.12; 


N, 7.73 


Found: 


c. 


59.32; 


H, 6.14; 


N, 7.74 



Example 24 

8-Aza-spiro[4.5]decane-8-carboxylic acid 6-[2-(1-benzyloxycarfaonyt-piperldin-4-yl)-oxycarbonylami- 
no]-hexyl ester 

A solution of the carbonate (29.2 g, 54 mmol) produced in Example 23 in 300 ml of anhydrous dimethyl- 
formamide was added dropwise under nitrogen to a solution of 8-aza-spiro[4.5]decane (11.53 g, 83 mmol) and 
triethyl amine (37.49 ml, 269 mmol) in 300 ml of anhydrous dimethytformamide at room temperature. After the 
addition the reaction was heated at 80°C for 5 hrs. The reaction was diluted with methylene chloride, extracted 
one time with 1N HCI, multiple times with saturated Na 2 C0 3f dried (MgS0 4 ) and the solvent removed under 
reduced pressure to give 26.11 g of a yellow oil. Purification on silica gel (230-400 mesh) using ethyl acetate- 
methylene chloride as an eluent gave a light yellow solid. Trituration of the solid one time with hexane gave 
14.75 g (50%) of the title compound as a white crystalline solid, mp 76-79°C. 



25 


Analysis Calc'd for C^H^N^e: 


C, 66.27; 


H, 8.34; 


N, 7.73 




Found: 


C, 66.16; 


H, 8.41; 


N. 7.69 



^ Example 25 

8-Aza-spiro[4.5]decane-8-carboxylic acid 6-(2-piperidin-4-yl-oxycarbonylamino)-hexyl ester 

A mixture of the carbamate (10.00 g, 18.4 mmol) produced in Example 24 and 2.0 g of 10% Pd-C in 150 
ml of ethyl acetate was hydrogenated at room temperature and 45-50 psi for 18 hrs. The catalyst was removed 
by filtration through celite and the filtrate concentrated under reduced pressure to give 7.57 g of a light yellow 
35 oil. The oil was used in subsequent reactions without further purification. 



Analysis Calc'd for C22H39N3O4: 


C, 64.52; 


H, 9.60; 


N, 10.26 


Found: 


C. 63.43; 


H, 9.96; 


N. 10.13 



40 

Example 26 

8-Aza-splro[4.5]decane-8-carboxyilc acid 6-{[1-(4-nltro-phenoxycarfaonyl)- plperldlne-4-oxycarbonyl]- 
45 amjncj-hexyj ester 

A solution of 4-nitrophenyl chloroformate (1.48 g, 7.32 mmol) in 25 ml of methylene chloride was added 
dropwise under nitrogen to a solution of the amine (3.00 g, 7.32 mmol) produced in Example 25 and triethy- 
lamine (5.10 ml, 36.6 mmol) in 50 ml of methylene chloride at room temperature. The reaction was stirred 3 
hours at room temperature and then extracted one time with 1N HCI, multiple times with saturated Na 2 C0 3> 
50 dried (MgSQ 4 ) and the solvent removed under reduced pressure to give 3.844 g of yellow crystals. Purification 
on silica gel (230-400 mesh) using 30% ethyl acetate-methylene chloride as an eluent gave 2.195 g (52%) of 
the title compound as a white crystalline solid, mp 113-114°C. 



Analysis Calc'd for C29H42N4O8: 


c, 


60.61; 


H, 7.37; 


N, 9.75 


Found: 


c. 


60.61; 


H, 7.47; 


N, 9.67 



19 



EP 0 635 501 A1 



Exam pi 27 

Carbonic Acid (4-nitrophenyl)ester (2-dibenzofuranyl) ester 

A solution of 2-hydroxydibenzofuran (25 g, 0.136 mol) and pyridine (11 ml, 0.136 mol) in 300 ml of methy- 
5 lene chloride was added under nitrogen dropwise over five hours to a solution of 4-nitrophenyi chloroformate 
(27.4 g, 0.136 mol) in 300 ml of methylene chloride at ice bath temperature. After the addition the reaction was 
stirred at room temperature overnight. The solid formed was collected by filtration to give 33.08 g of a light 
tan solid. The filtrate was extracted one time with 1 N HCI, one time with saturated Na 2 C0 3 (emulsion formed), 
dried (MgS0 4 ) and the solvent removed under reduced pressure to give an additional 14.30 g of a light tan 
10 solid. This solid was triturated two times with methylene chloride to give 7.39 g of a light tan solid which was 
combined with the original 33.08 g of solid. Recrystallization of the combined material from ethyl acetate gave 
20.23 g (43%) of the title compound as a light tan crystalline solid, mp 183-185°C 





Analysis Calc'd for C^HnNOe: 


C, 65.33; 


H, 3.17; 


N, 4.01 


15 


Found: 


C. 65.11; 


H, 3.32; 


N, 3.94 



Example 28 

8-Aza-spiro[4.5]decano-8-carboxylic acid 6-{[1-(dibonzofuran-2-yloxycart>onyi)piperidin-4-yl]-oxycar^ 
bonylaminol-hexyl ester 

A solution of the carbonate (1.706 g, 4.88 mmol) produced in Example 27 in 30 ml of chloroform (EtOH 
free) was added under nitrogen dropwise to a solution of the amine (2.00 g, 4.68 mmol) produced in Example 
25 and triethyl amine (3.40 ml, 24.4 mmol) in 30 ml of chloroform at room temperature. After the addition the 
reaction was stirred overnight at room temperature. The reaction was extracted one time with 1 N HCI, multiple 
times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 3.03 g 
of off-white crystals. Purification on silica (230-400 mesh) using ethyl acetate-methylene chloride as an eluent 
gave a white solid. Recrystallization of this solid from hexane-ethyl acetate gave 1.3979 g (46%) of the title 
compound as a white crystalline solid, mp 100-102°C. 



Analysis Calc'd for C35H45N3O7: 


C, 67.83; 


H, 7.32; 


N, 6.78 


Found: 


C, 67.73; 


H, 7.29; 


N, 6.78 
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Example 29 

Carbonic acid (4-nitrophenyi)ester (4-phenylphenyi)ester 

A solution of 4- phenyl phenol (25.0 g, 0.15 mol) and pyridine (11.89 ml, 0.15 mol) in 250 ml of methylene 
40 chloride were added dropwise under nitrogen to a solution of 4-nitrophenyi chloroformate (29.65 g, 0.15 mol) 
in 200 ml of methylene chloride at ice bath temperature. The reaction was stirred at ice bath temperature for 
approximately two hours and then overnight at room temperature. The reaction was extracted one time with 
1 N HCI, multiple times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure 
to give 46.05 g of light yellow crystals. Recrystallization from methylene chloride-diisopropyl ether gave the 
45 title compound as light yellow crystals, mp 138-140°C. 



Analysis Calc'd for C 19 H 13 N0 6 : 


C, 


68.06; 


H, 3.91; 


N, 4.18 


Found: 


c, 


67.99; 


H, 3.70; 


N, 4.03 



Example 30 

8-Aza-spiro[4,5]decane-8-carboxyiic acid 6-{[1-(4-phenyl-phenoxycarbonyi)- piperidine-4-oxycarbo- 
55 nyl}-amino}-hexyl ester 

A solution of the carbonat (0.941 g, 2.8 mmol) produc d in Example 29 in 10 ml of anhydrous DMF was 
added dropwise und r nitrogen to a solution of the amine (1.153 g, 2.8 mmol) produced in Exampl 25 and 
tri thylamin (1.95 ml, 14.0 mmol) in 20 ml of anhydrous DM Fat approximately -40°CTh reaction was stirr d 
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at -40° for approximately 5 hours and then at room temperatur v might Th reaction was diiut d with me- 
thylen chl rid , xtracted one time with 1N HCI, multiple times with saturated Na 2 C0 3f dri d (MgS0 4 ) and 
the solvent r mov d under reduced pressure to give 1.2066 g of a yellow crystalline solid. Recrystallization 
from ethyl acetate gave the title compound as a white crystalline solid, mp 110-111°C. 



5 


Analysis Calc'd for 0^47^0©: 




>9.40; 


H, 7.82; 


N f 6.94 




Found: 


c,e 


19.36; 


H, 7.95; 


N, 6.94 
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Example 31 

Carbonic acid (4-nltrophenyl)ester (4-pentyl phenyl) ester 

Asolution of 4-pentyl phenol (20.1 g, 0.13 mol) and pyridine (10 ml, 0.13 mol) in 300 ml of methylene chlor- 
ide was added under nitrogen dropwise over 45 minutes to a solution of 4- nit ro phenyl chloroformate (25.28 g, 
0.13 mol) in 200 ml of methylene chloride at room temperature. After the addition, the reaction was stirred over- 
night at room temperature. The reaction was extracted one time with 1 N HCI, four times with saturated Na 2 C0 3 , 
dried (MgS0 4 ) and the solvent removed under reduced pressure to give 36.97 g of a yellow crytstalline solid. 
Purification of the solid on 450 g of silica gel (230-400 mesh) using 50-60% CH 2 Cl2-hexane as the eluent gave 
11.58 g (28%) of the title compound as a yellow crystalline solid, mp 67-69°C. 



Analysis Calc'd for C 18 H 19 N0 6 : 


C, 65.64; 


H, 5.82; 


N, 4.25 


Found: 


C, 65.90; 


H, 5.85; 


N,4.18 



Example 32 

8-Aza-spiro[4.5]decane-8-carboxy1ic acid 6-{[1-(4-pentyl-phenoxycarbonyl)- plperldlne-4-oxycarbo- 
nyl}-amino)-hexyl ester 





Analysis Calc'd for C34H53N3O6: 


C, 68.08; 


H, 8.91; 


N, 7.00 




Found: 


C, 68.17; 


H, 9.08; 


N, 7.03 



A solution of the carbonate (2.21 g, 6.72 mmol) produced in Example 31 in 50 ml of methylene chloride 
was added dropwise under nitrogen over 45 minutes to a solution of the amine (3.0 g, 6.72 mmol; HCI salt) 
produced in Example 25, and triethylamine (4.68 ml, 33.6 mmol) in 75 ml of methylene chloride at ice bath 
temperature. After the addition, the reaction was stirred at ice bath temperature for one hour and then for two 
days at room temperature. The reaction was extracted one time with 1 N HCI, four times with saturated Na 2 C0 3 , 
dried (MgS0 4 ) and the solvent removed under reduced pressure to give 3.79 g of a light yellow crystalline solid. 
The solid was chromatographed on 400 g of silica gel (230-400 mesh) using 1 :1 EtOAc-hexane as the eluent 
The title compound (3.07 g, 76%) was isolated as a white crystalline solid, mp 100-102°C. 

Example 33 

4-I4-(HexylcarbamoyloxymethylH)enrylcaifcam acid 4-phenoxyphenyl 

ester 

A mixture of the carbonate (15.0 g, 31 mmol) produced in Example 3, 4-(aminomethyl)benzoic acid (5.7 
g, 38 mmol), and triethylamine (21.8 ml, 160 mmol) in 100 ml of anhydrous dimethylformamide was stirred un- 
der nitrogen at 70°C for two hours. The reaction was diluted with ethyl acetate, extracted with 1 N HCI, multiple 
times with water, dried (MgS0 4 ) and the solvent removed under reduced pressure to give 18.5 g of a light tan 
solid. Recrystallization of the solid from ethyl acetate gave 9.08 g (59%) of the desired acid compound as a 
white crystalline solid, mp 165-167°C. 



55 


Analysis Calc'd for C 27 H 26 N 2 0 7 : 


C, 66.11; 


H, 5.34; 


N, 5.71 




F und: 


C, 65.94; 


H, 5.31; 


N, 5.76 
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Diisopropyicarbodiimide (1.3 ml, 9.0 mm I) in 10 ml of m thy! n chloride was add d und rnitrog n drop- 
wise to a s lution of th acid (4.4 g f 9.0 mmol) produc d in the previous step, N-hydroxysuccinimid (1.0 g, 
9.0 mmol) and dimethylaminopyridin (1 .1 g, 9.0 mmol) in 50 ml of methyl ne chl ride at ice bath temperature. 
After the addition the reaction was stirred at ice bath temperature for 1 hour and at room temperature for 2 
hours. The solid formed was removed by filtration. The filtrate was extracted with 1 N HCI, 5% NaHC0 3 , dried 
(MgS0 4 ) and the solvent removed under reduced pressure to give 6.92 g of a white solid. Purification of the 
solid on 400 g of silica gel (230-400 mesh) using ethyl acetate-methylene chloride as the eluent gave the de- 
sired succinimide ester (2.88 g, 55%) as a white crystalline solid, mp 141-145°C. 



Analysis Calc'd for C 31 H29N30 9 : 


C, 63.37; 


H, 4.97; 


N, 7.15 


Found: 


C, 63.36; 


H, 5.08; 


N, 6.79 



Sodium borohydride (420 mg, 11 mmol) was added under nitrogen to a solution of the ester (2.6 g, 4.4 
mmol) produced in the previous step in 50 ml of THF at room temperature. The reaction was then stirred over- 
night. The excess sodium borohydride was destroyed with 1 N HQ. The THF was removed under reduced pres- 
sure and the residue partitioned between 1N HCI and methylene chloride. The organic layer was separated. 
The aqueous layer was extracted two times with methylene chloride. The combined extracts were dried 
(MgS0 4 ) and the solvent removed under reduced pressure to give 2.14 g of a white foam. Purification of the 
foam on 200 g of silica gel (230-400 mesh) using ethyl acetate-methylene chloride as the eluent gave the de- 
sired alcohol (991 mg, 47%) as a white crystalline solid, mp 97-1 01°C. 



Analysis Calc'd for C 2 7H28N 2 0 6 : 


C. 68.05; 


H, 5.92; 


N, 5.88 


Found: 


C, 67.87; 


H, 5.84; 


N, 5.76 



A solution of the alcohol (900 mg, 1.89 mmol) produced in the previous step, triethylamine (210 ul, 1.51 
mmol) and hexyl isocyanate (528 mg, 4.15 mmol) in 20 ml of CHCI 3 (EtOH free) was refluxed under nitrogen 
overnight By TLC starting material remained. An additional 240 mg (1 .89 mmol) of hexyl isocyanate was added 
and the reaction was refluxed overnight. The reaction was extracted two times with 1 N HCI, dried (MgS0 4 ) 
and the solvent removed under reduced pressure to give 1.58 g of a white solid. Recrystallization of the solid 
from EtOAc-diisopropyl ether gave the title compound as a white crystalline solid, mp 116-11 8°C. 



Analysis Calc'd for C^H^N^: 


C, 67.64; 


H, 6.85; 


N, 6.96 


Found: 


C, 67.84; 


H, 6.71; 


N, 6.92 



Example 34 

8-Aza-spiro[4.5]decane-8-carboxy1ic acid 6-{[1-(3-phenoxy-phenoxycarbonyl)- piperldine-4-oxycarbo- 
nyl]-amino}-hexyl ester 

A solution of 3-phenoxyphenol (18.3 g, 98 mmol) and pyridine (7.9 ml, 98 mmol) in 300 ml of methylene 
chloride was added dropwise under nitrogen to a solution of 4-nitrophenyl chloroformate (19.75 g, 98 mmol) 
in 200 ml of methylene chloride at ice bath temperature. The reaction was stirred at ice bath temperature ap- 
proximately two hours and then overnight at room temperature. The reaction was extracted one time with 1N 
HCI, four times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to 
give 33.37 g of a brown solid. Five recrystallizations from EtOAc-diisopropyl ether gave 8.6 g (25%) of the de- 
sired carbonate as a light tan crystalline solid, mp 105-107°C. 



Analysis Calc'd for C l9 H 13 NO e : 


C, 64.96; 


H, 3.73; 


N, 3.99 


Found: 


C, 65.12; 


H, 3.57; 


N,4.11 



A solution of the carbonate (2.36 g, 6.72 mmol), produced in the preceding step, in 50 ml of methylene 
chloride was added dropwise under nitrogen to a solution of the amine (HCI salt; 3.0 g, 6.72 mmol), produced 
in Example 25, and tri thylamine (4.68 ml, 33.6 mmol) in 75 ml of m thylene chloride at approximately -70°C. 
The reaction was stirr d at-70°Cfor5 hrand dri d at room t mp ratureov might. Th reaction was xtracted 
one time with 1N HCI, multiple times with saturated Na 2 C0 3f dried (MgS0 4 ) and the solvent removed und r 
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r duced pressure to glv 3.90 g f an oil. Purification f th oil on 400 g of silica gel (230-400 mesh) using 
hexane- thy! acetat as the eluent and then r crystallizing the mat rial is lat d from hexane gave th title 
c mp und (2.53 g, 61%) as a white crystalline solid, mp 72-1 20°C (Note: mat rial is a single component by 
TLC). 



5 


Analysis Calc'd for C35H47N3O7: 


C, 67.61; 


H, 7.62; 


N, 6.76 




Found: 


C, 67.59; 


H, 7.47; 


N, 6.79 



10 

Example 35 

8-Aza-spiro[4.5]decane-8-carboxyllc acid 6-{[1-(4-benzy1-phenoxycarbony1)-p»perldin-4-yl-oxycarbo- 
nyl}-amino}-hexyl ester 

15 A solution of 4-hydroxydiphenylmethane (20.0 g, 0.11 mol) and pyridine (8.8 ml, 11 mol) in 300 ml of me- 

thylene chloride was added dropwise under nitrogen to a solution of 4-nitrophenyl chloroformate (21.88 g, 11 
mol) in 200 ml of methylene chloride at ice bath temperature. The reaction was stirred at ice bath temperature 
for approximately two hours and at room temperature overnight The reaction was extracted one time with 1 N 
HCI, four times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to 

20 give 37.71 g of a brown crystalline solid. One recrystallization from EtOAc-diisopropyl ether and then repeated 
recrystallizations from EtOAc gave 17.64 g (47%) of the desired carbonate as a light yellow crystalline solid, 
mp 100-1 02°C. 





Analysis Calc'd for C^H^NO^ 


C, 68.77; 


H, 4.33; 


N, 4.01 


25 


Found: 


C, 68.65; 


H, 4.13; 


N, 3.91 



Asolution of the carbonate (2.35 g, 6.72 mmol) produced in the previous step in 50 ml of methylene chloride 
was added dropwise under nitrogen to a solution of the amine (3.0 g, 6.72 mmol; HCI salt) produced in Example 
25, and triethylamine (4.68 ml, 33.6 mmo!) in 75 ml of methylene chloride at ice bath temperature. After the 
addition, the reaction was stirred at ice bath temperature for four hours and at room temperature overnight. 
The reaction was extracted one time with 1N HQ, four times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the 
solvent removed under reduced pressure to give 3.34 g of a yellow crystalline solid. Chromatography of the 
solid on 100 g of silica gel (230-400 mesh) using 1:1 EtOAc-hexane as the eluent gave 0.537 g (13%) of the 
title compound as a white crystalline solid, mp 78-1 30°C (Note: the material is a single component on TLC). 



Analysis Calc'd for C3oH 49 N 3 0 6 : 


C, 69.76; 


H, 7.97; 


N, 6.78 


Found: 


C, 69.73; 


H, 7.83; 


N, 6.78 



40 

Example 36 

8-Aza-splro[4.51decane-8-carfaoxy11c acid 1-[1-(4-phenoxy-phenoxycarbonyl)- plperidln-4-yl-oxycarbo- 
ny1]-plperidm-4-yl ester 

45 A solution of the carbonate (1 3.0 g, 27 mmol) produced in Example 3 in 1 00 ml of methylene chloride was 

added under nitrogen dropwise to a solution of 4-hydroxypiperidine (3.0 g, 30 mmol) and triethylamine (3.8 
ml, 30 mmol) in 100 ml of methylene chloride at approximately -5°C. The reaction was stirred at -5°C for 2 hours 
and at room temperature overnight The reaction was extracted one time with 1 N HCI, multiple times with satu- 
rated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 11 .4 g of a white solid. 

so Recrystallization of the solid from ethyl acetate-diisopropyl ether gave the desired alcohol (9.73 g, 81 %) as a 
white crystalline solid, mp 122-123°C. 



Analysis Calc'd for C24H2aN 2 Oe: 


C, 65.44; 


H, 6.41; 


N, 6.36 


Found: 


C, 65.46; 


H, 6.42; 


N, 6.60 



A soluti n of th alcohol (6.5 g, 14 mmol) produc d in the previous step and pyridin (0.93 ml, 11 mmol) 
in 50 ml of methylen chloride was added dropwise under nitrogen over thirty minut s to a solution of 4-nitro- 
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ph nyi chloroformate (2.3 g, 11 mmol) in 30 ml of methylene chloride at ice bath temp nature. Th reaction 
was stirr d at ice bath temperature for two hours and at room temperatur overnight The reaction was ex- 
tracted one time with 1 N HCI, five times with saturated Na 2 C0 3f dried (MgS0 4 ) and the solvent removed under 
reduced pressure to give 8.10 g of a white foam. Chromatography of the foam on 400 g of silica gel (230-400 
5 mesh) using 1:1 EtOAc-hexane as the eluent gave 5.56 g (62%) of the desired carbonate as a white crystalline 
solid, mp 140-142°C. 



Analysis Calc'd for 03^3^30^: 


C, 61.48; 


H, 5.16; 


N t 6.94 


Found: 


C, 61.64; 


H, 5.18; 


N, 6.74 



A solution of the carbonate (2.0 g, 3.3 mmol) produced in the previous step in 30 ml of anhydrous dime- 
thylformamide was added dropwise under nitrogen to a solution of 8-aza-spiro[4.5]decane-8-carboxyiic acid 
hydrochloride (670 mg, 3.8 mmol) and triethylamine (0.91 ml, 6.6 mmol) in 20 ml of anhydrous dimethylfbrma- 
mide at ice bath temperature. After the addition, the reaction was stirred at ice bath temperature for two hours 
and at room temperature overnight. The reaction was diluted with ethyl acetate, extracted five times with water, 
one time with 1 N HQ, five times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced 
pressure to give 1.93 g of a white foam. Chromatography on the foam on 100 g of silica gel (230-400 mesh) 
using 1:1 EtOAc-hexane as the eluent gave 1.18g (91 %) of the title compound as a white solid foam, mp48- 
63°C (Note: the compound is a single component by TLC). 



Analysis Calc'd for C34H43N3O7: 


C, 67.42; 


H, 7.16; 


N, 6.94 


Found: 


C, 67.05; 


H, 7.09; 


N, 6.83 



25 

Example 37 

4-[4-(4-Phenyl-buty1carbamoyloxy)-piperidine-1-carbonyloxy]-piperidlne-1- carboxylic acid 4-phenox- 
yphenyl ester 

30 A solution of the carbonate (2.0 g, 3.3 mmol) produced in step 2 of Example 36 in 30 ml of anhydrous di- 

methytformamide was added dropwise under nitrogen to a solution of 4-phenylbutylamine (0.63 ml, 4.0 mmol) 
and triethylamine (0.56 ml, 4.0 mmol) in 20 ml of anhydrous dimethylformamide at ice bath temperature. After 
the addition, the reaction was stirred at tee bath temperature for two hours and overnight at room temperature. 
The reaction was diluted with ethyl acetate, extracted five times with water, one time with 1N HCI, five times 

35 with saturated Na 2 C0 3 , dried (MgS0 4 ), and the solvent removed under reduced pressure to give 2.03 g of a 
clear oil. Chromatography of the oil on 100 g of silica gel (230-400 mesh) using 10% EtOAc-CH 2 CI 2 as the 
eluent gave 1.72 g (85%) of the title compound as a white solid foam, mp 50-60°C (Note: the compound is a 
single component by TLC). 



40 


Analysis Calc'd for C35H 41 N 3 0 7 : 


C, 68.27; 


H, 6.71; 


N, 6.82 




Found: 


C, 67.87; 


H, 6.69; 


N, 6.76 



45 Example 38 

4-(4-Hexy1carbamoyl-cyclohexylcarfaamoyloxy)-pipendine>1-carboxylic acid4-phenoxyphenyl ester 

A solution of the carbonate (10.0 g, 21 mmol), produced in Example 3, in 100 ml of anhydrous dimethyl- 
formamide was added dropwise under nitrogen to a solution of trans-4-aminocyclohexanol hydrochloride (3.5 

50 g, 23 mmol) and triethylamine (6.4 ml, 46 mmol) in 50 ml of anhydrous dimethylformamide at ice bath temper- 
ture. After the addition, the reaction was stirred at ice bath temperature for two hours and overnight at room 
temperature. The reaction was diluted with ethyl acetate, extracted five times with water, one time with 1N 
HCI, five times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 
8.39 g of a white solid. Recrystallization of the solid from EtOAc-hexane gave 6.45 g (68%) of the desired al- 

55 cohol as a white crystalline solid, mp 155-156°C. 
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Analysis Calc'd for C^H^N-jOe: 


C f 


66.06; 


H, 6.65; 


N,6.16 


F und: 


c, 


66.08; 


H, 6.67; 


N, 6.01 



5 A solution of the alcohol (2.0 g, 4.4 mmol) produced In the previous step, triethylamlne (0.49 ml, 3.5 mmol) 

and hexyl isocyanate (1.2 g, 9.7 mmol) in 20 ml of chloroform (EtOH free) was refluxed under nitrogen until 
the reaction was complete by TLC. The reaction was extracted two times with 1 N HCI, dried (MgS0 4 ) and the 
solvent removed under reduced pressure to give 2.80 g of a white solid. Recrystallization of the solid from ethyl 
acetate gave 2.06 g (81%) of the title compound as a white crystalline solid, mp 190-191°C. 



Analysis Calc'd for C32H43N3O7: 


C, 66.07; 


H, 7.45; 


N, 7.22 


Found: 


C, 66.10; 


H, 7.50; 


N, 7.27 



15 

Example 39 

4-[6-(Hexyicartoamoyloxy)-hexylcarbamoyloxy}-piperidine-1-carfaoxylic acid 4-cyclohexyl-phenyl ester 

Asolution of 4-cyclohexyl phenol (20.0 g, 0.11 mol) and pyridine (9.2 ml, 0.11 mol) in 300 ml of methylene 
20 chloride was added dropwise under nitrogen to a solution of 4-nitrophenyl chlorofbrmate (22.88 g, 11 mmol) 
in 200 ml of methylene chloride at ice bath temperature. The reaction was stirred at ice bath temperature for 
approximately two hours and at room temperature ovenright The reaction was extracted one time with 1N 
HCI, four times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to 
give 37.23 g of a yellow solid. Chromatography of the solid on 500 g of silica gel (230-400 mesh) using 40% 
25 CH 2 Q z-hexane as the eluent and then recrystallization of the material isolated from diiso propyl ether gave 1 8.9 
g (49%) of the desired carbonate as a whtie solid, mp 93-94°C. 



Analysis Calc'd for C 19 H 19 N0 6 : 


C, 


66.85; 


H, 5.61; 


N.4.10 


Found: 


C, 


66.85; 


H, 5.56; 


N.4.16 



Asolution of the carbonate (2.76 g, 8.08 mmol) produced in the previous step in 50 ml of methylene chloride 
was added dropwise under nitrogen to a solution of (6-hexylcarbamoy1oxy-hexyl)carbamic acid piperidin-4-yl 
ester (3.0 g, 8.08 mmol) and triethylamine (3.38 ml, 24.2 mmol) in 75 ml of methylene chloride at ice bath tem- 
perture. After the addition, the reaction was stirred at ice bath temperature for 3 hours and overnight at room 
temperature. The reaction was extracted one time with 1 N HCI, four times with saturated Na 2 CQ 3 , dried 
(MgS0 4 ) and the solvent removed under reduced pressure to give 4.27 g of a solid. Recrystallization of the 
solid from EtOAc-diisopropyl ether gave 2.69 g (58%) of the title compound as a white crystalline compound, 
mp 94-96°C. 



40 


Analysis Calc'd for C 32 H5 1 N 3 0 6 : 


C, 66.99; 


H, 8.96; 


N, 7.32 




Found: 


C, 66.70; 


H, 8.96; 


N, 7.36 



45 Example 40 

8-Aza-spiro[4.5]decane-8-carfaoxyllc acid 4-{[1»(4-phenoxy-phenoxycarfaonyl)-piperldine-4-carbo- 
nyl]amino}-cyclohexyl ester 

A solution of the alcohol (3.30 g, 7.3 mmol) produced in step 1 of Example 38 and pyridine (0.59 ml, 7.3 
50 mmol) in 50 ml of methylene chloride was added dropwise under nitrogen to a solution of 4-nitrophenyl chlor- 
oformate (1.5 g, 7.3 mmol) in 30 ml of methylene chloride at ice bath temperature. The reaction was stirred at 
ice bath temperature for 2 hours and then overnight at room temperature. The reaction was extracted one time 
with 1 N HCI, five times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure 
to give 4.42 g of an off-white solid. Recrystallization of the solid from EtOAc-diisopropyl ether gave 2.36 g (52%) 
55 of th d sired carbonat as a white crystalline solid, mp 152-155°C. 
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Analysis Calc'd for 0^33^0 10 : 


C, 62.03; 


H, 5.37; 


N P 6.78 


Found: 


C,62.42; 


H, 5.45; 


N, 6.78 



5 A solution of the carbonate (2.0 g, 3.2 mmol) produced in the previous step in 30 ml of anhydrous dime- 

thylformamide was added dropwise under nitrogen to a solution of 8-aza-spiro-[4.5]-decane-8-carboxylic acid 
hydrochloride (680 mg, 3.9 mmol) and triethylamine (1.0 ml, 7.1 mmol) in 20 ml of anhydrous dimethylforma- 
mide at ice bath temperature. After the addition, the reaction was stirred at ice bath temperature for two hours 
and overnight at room temperature. The reaction was diluted with ethyl acetate, extracted five times with water, 

10 one time with 1 N HCI, five times with saturated Na 2 C0 3) dried (MgS0 4 ) and the solvent removed under reduced 
pressure to give 2.12 g of an off-white solid. Recrystallization of the solid from EtOAc gave 1.42 g (71 %) of 
the title compound as a white crystalline solid, mp 230-231 °C. 



Analysis Calc'd for C36H46N3O7: 


C, 67.83; 


H, 7.32; 


N, 6.78 


Found: 


C, 67.74; 


H. 7.36; 


N, 6.74 



Example 41 

4-(4-Hexylcarbamoyl-piperidine-1-carbonyloxy]-piperidine-1-carboxy1ic acid 4-phenoxyphenyl ester 

A solution of the alcohol (2.0 g, 4.54 mmol) produced in step 1 of Example 36, triethylamine (0.51 mi, 3.36 
mmol) and hexyl isocyanate (690 mg, 5.45 mmol) in 20 ml of CHCI 3 (EtOH free) was refluxed under nitrogen 
for approximately 24 hours. An additional 580 mg (4.56 mmol) of hexyl isocyanate was added and the reaction 
refluxed for 6 hours and at room temperature for 48 hours. One more equivalent of hexyl isocyanate was added 
and the reaction refluxed for approximately 24 hours. The reaction was extracted two times with 1N HCI, dried 
(MgS0 4 ) and the solvent removed under reduced pressure to give 2.92 g of a clear oil. Purification of the oil 
by chromatography on silica gel (230-400 mesh) using 1:1 EtOAc-hexane as the eluent gave 1.98 g (77%) of 
the title compound as a clear oil, MS m/e 567 (M 4 ). 



30 


Analysis Calc'd for C 31 H 41 N307: 


C, 65.59; 


H, 7.28; 


N, 7.40 




Found: 


C, 65.05; 


H, 7.40; 


N, 7.44 



Example 42 

4-{4-[(Hexylcarbamoy1oxy)methyll-(cyclohexylmethylcarbamoyl)oxy}-pipQridine-1-carboxync acid 4- 
phenoxyphenyl ester 

A solution of the carbonate (1.95 g, 4.1 mmol) produced in Example 3 in 20 ml of anhydrous dimethytfor- 
mamide was added dropwise under nitrogen to a solution of 4-(aminomethyl)-cyclohexanemethanol (700 mg, 
4.9 mmol) and triethylamine (0.68 mi, 4.9 mmol) in 10 ml of anhydrous dimethylformamide at ice bath temper- 
ature. The reaction was stirred at ice bath temperature for approximately two hours and at room temperature 
overnight. The reaction was diluted with ethyl acetate, extracted five times with water, one time with 1N HCI, 
five times with saturated Na 2 C0 3 , dried (MgS0 4 ) and the solvent removed under reduced pressure to give 1 .89 
g of a yellow oil. Chromatography on the oil on 200 g of silica gel (230-400 mesh) using 20% EtOAc-CH 2 CI 2 
as the eluent gave 775 mg (39%) of the desired alcohol as a white crystalline solid, mp 97-11 0°C (Note: the 
compound is a single component by TLC). 



Analysis Calc'd for C27H 34 N 2 0 6 : 


c. 


67.20; 


H, 7.10; 


N, 5.81 


Found: 


c, 


66.92; 


H, 7.09; 


N, 5.76 



A solution of the alcohol (700 mg, 1.45 mmol) produced in the previous step, triethylamine (0.16 ml, 1.16 
mmol) and hexyl isocyanate (406 mg, 3.19 mmol) in 10 ml of CHCI 3 (EtOH free) was refluxed under nitrogen 
for 55 hours. The reaction was extracted two times with 1 N HCI, dried (MgS0 4 ) and the solvent removed under 
r duced pressure to give 987 mg of an off-white solid. Recrystallization of the solid from EtOAc-diisopropyl 
ether gave 642 mg (73%) of th title compound as a white crystalline solid, mp 99-102°C. 
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Analysis Calc'd f r C34H47N3O7: 


C f 66.97; 


H, 7.77; 


N, 6.89 


F und: 


C, 66.91; 


H, 7.74; 


N, 7.05 



in-Vitroand /n-V7voPharmacological Procedures 

1. The ability of the compounds of this invention to inhibit acyl-coenzyme A: cholesterol acyl transferase 
was established by initially showing that they inhibited intracellular cholesterol esterif ication by subjecting 

10 them to the standard experimental test procedure of Ross et al., J. Biol. Chem. 259, 81 4 (1 984). The results 

are reported in the following table, where available, in terms of the percent inhibition at 25 uM and the IC^, 
OiM). 

2. The ability of the compounds of this invention to inhibit the formation of cholesteryl esters and thereby 
interfere with and prevent assimilation of cholesterol into the lymphatic system and ultimately the blood 

is stream was established by incubating the compounds at 37C. with a mixture of cholesterol and oleic acid 
in the presence of buffered cholesterol esterase [(EC 3.1.1.13) Sigma Company, St Louis, Mo., U.SA, 
No. 01 892, from bovine pancreas] and measuring the amount of ester formed, according to the procedure 
of Field. J. of Lipid Research, 25, 389 (1984). The concentration of test compound that inhibits one-half 
of the ester formation (IC50 p-M) is given in the following table. 
20 The in vivo cholesterol absorption studies were conducted in normal rats by oral administration of the com- 
pound being tested in propylene glycol and olive oil followed by oral administration of [4- 14 C] cholesterol in pro- 
pylene glycol and olive oil, otherwise following the procedure of Cayen et al., J. Lipid Res. 20 162 (1979). 

The serum radioactivity was measured at six hours after dosing. The results of this study are reported in the 
following table as percent decrease compared to control at the dose stated. 

25 

Table 



30 



35 



40 



45 



50 





in Vitro Results 


in Vivo Results 




% inhibition at 25 \xU!\C m (uM) 


Effect on Absorption of 14 C-chol. 
- 6 hr - normal 


Examples Compound 


ACAT 


CEH 


% Decrease (dose mg/kg) 


6 


97%/1.78 


0.42 


59% (3) 


7 


76%/6.41 


0.67 


42% (20) 


8 


98%/2.34 


0.54 


65% (3) 


9 


95%/1.59 


0.08 


49% (10) 


10 


83%/5.0 


0.62 


22% (20) 


11 


24% 


28.2 


6% (20) 


12 


83%/1.72 


0.31 


76% (10) 


13 


47% 


15.5 


20% (20) 


14 


41% 


> 100 


2% (20) 


16 


NT 


0.73 


68% (10) 


18 


NT 


0.51 


50% (10) 



Thus, the representative compounds of this invention reduce absorption of cholesterol into the blood and 
thus can be used in the treatment of atherosclerosis, familial hypercholesterolemia, hyperlipidemia and like 
diseases where a reduction in cholesterol absorption is desired. The dosage requirement for therapeutic use 
of theanti-hypercholesterolemic agents of this invention will vary according to the particular compound chosen 
as well as the age of the patient and s v rity and nature of the d is ase b in g treated. Th rapy should be ini- 
tiated at low r dos s, th dosage th reaft r b ing increased, if n cessary, to pr due the desired eff ct. In 
general, th compounds of this inv ntion are most desirably administer data cone ntrati n that will generally 
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afford effective results without causing any harmful or deleterious side ef f cts. Bas d upon the in vivo potency 
oftherepr sentatlve anticholesterol micag nts of this invention as reported in th table, the initial dosing will 
be from about 0.5 to 6 mg/kg with a project d maximum dose of about 1 00 mg/kg. The preferred dosage range 
will be from about 1 to 50 mg/kg. 

This invention also provides a pharmaceutical composition comprising a compound of formula (I) or a phar- 
maceutical^ acceptable salt thereof and a pharmaceutically acceptable carrier. 

The compounds of formula (I) can be formulated into oral dosage forms such as tablets, capsules and the 
like. The compounds can be administered alone or by combining them with conventional carriers, such as mag- 
nesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, me- 
thylcellulose, sodium carboxymethylcellulose, low melting wax, cocoa butter and the like. Diluents, flavoring 
agents, solubilizers, lubricants, suspending agents, binders, tablet-disintegrating agents and the like may be 
employed. The compounds may be encapsulated with or without other carriers. In all cases, the proportion of 
active ingredients in said compositions both solid and liquid will be sufficient at last to impart the desired activity 
thereto on oral administration. The compounds may also be injected parenteral ly in which case they are used 
in the form of a sterile solution containing other solutes, for example, enough saline or glucose to make the 
solution isotonic. 



Claims 



1 . A compound having the formula: 



R 1 



Z-O-C-N O-C-N-A-O-C-N 

R 2 " 



wherein 

p is 0, 1 , 2, 3,or 4; 

Z is -Ar 1 , -Ar 1 -Ar 2 , -Ar 1 -0-Ar2, -Ar 1 -S-Ar2, 

O 

II 

-Ar 1 -G~C-Ar 2 , 
O O 

II II 

-A^-C-O-Ar 2 , -A^-C-Ar 2 , 



(0 



-Ari-(CH2)f3o Ar 2 , -Ari-(CH 2 )73o"0-Ar2, -Ari-0-(CH 2 ) fzo" Ar 2 , -Ar (- CR^CR 6 ""tl-3 Ar 2 -Ar^- 
(CR^CR^^-Ar 2 or -Ar 1 -NR 7 -Ar 2 ; where R 6 is hydrogen or d-C 8 alkyl and R 7 is hydrogen, d-Cs alkyl, 
C r C 8 alkylcarbonyl or C^-C 8 alkoxycarbonyl; 

and Ar 1 and Ar 2 are, independently, selected from phenyl, naphthyl, f uranyl, benzof uranyl, di- 

benzofuranyl, pyridinyl, pyrimidinyl, pyrazinyl, thienyl, benzothienyl, imidazo- 
lyl, oxazolyl, benzoxazolyl, thiazolyl, benzthiazolyl, isoxazolyl, benzisoxazolyl, 
indenyl, indolyl, quinolinyl, isoquinolinyl, benzotriazolyl, carbazolyl, benzimida- 
zolyl, orfluorenyl, 

and Ar 1 and Ar 2 , ind pend ntly, are optionally substituted by fluorine, chlorin , bromine, iodine, 

cyano, nitro, -C0 2 H, C^-C^ alkyl. Cs-Czo alkenyl, C 3 -C 8 cycloalkyl, C^C^ al- 
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where R 8 



koxy, CVC20 alkyl-O-(C r C20 alky!)-, C^C^ alkyl-O^CrC^o-alkyO-O-, triflu r- 
om thyl, C r C2o alkylcarbonyl, C 3 -C 8 cydoalkyloxy, 0,-020 alkylcarb nyloxy, 
C1-C20 alkoxycarbonyl, mono or di C,-C2o alkyiaminocarbonyl, tetrazolyl, -OH, 
-(CH^^-OH, -SH, -NH 2 or -(CHJ^NRW 

is 0,-020 alkyl, 0,-020 alkylcarbonyl, C1-C20 alkoxycarbonyl and R 9 is hydrogen 
or 0,-020 a'kyl or R 8 and R° together with the interposed nitrogen atom form a 
heterocyclic ring of the formula: 



10 



15 



(P ,0 )u 



■N X 



20 



25 



30 



where q is 0. 1 or 2, r is 1 or 2, u is 0, 1 or 2, R 10 is C,-C 8 alkyl and X is -O-, -S-, -NR 11 - where R 11 

is H f 0,-020 alkyl or benzyl or-CR 12 R 13 - where R 12 is H, OH, 0,-0^ alkyl, 0,-0*0 alkoxy, 
C-C20 alkylcarbonyloxy, Ar^ or-(CH2)i-,o-Ar 1 , R 13 is H, C,-C2o alkyl. or R« and R 13 togeth- 
er with the interposed carbon forms a 3 to 8 membered carbocyclic ring; 
A is a bridging group selected from: 

a saturated or unsaturated, straight or branched hydrocarbon chain of 1 to 20 carbons and 
which may have 1 to 6 sites of olef inic and/or acetylenic unsaturation; 
a group of the formula: 

-(CH2) m -W-(CH2)„- 

where m and n are each 1 to 19, m+n is 2 to 20 and W is a group selected from -O-, 
-S-, or-NR u - where R 14 is hydrogen, C,-C2o alkyl, C1-C20 alkylcarbonyl, 0,-0^ alkoxycarbonyl, or benzyl; 
a group of the formula: 

-(CH^b-Y-CCHJc- 

where b and c are each 0 to 20, b+c is 1 to 20 and Y is selected from the group con- 
sisting of: 



35 




(CH 



2^3-8 



40 



45 




0 i /r~\ _ol s=\ 



50 



55 




or 
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where R 15 is H, C r C 8 alkyl, C1-C20 alkylcarbonyl, C1-C20 alkoxycarbonyl, or benzyl; or 
A together with R 3 and th interpos d nitrogen form a heterocyclic moi ty of th formula: 



,16 



R 17 



where 

s is 0, 1, 2, 3 or 4, t is 0 to 15, and R 16 and R 17 are, independently, hydrogen, Ci-C 8 alkyl, 

C r C 8 alkoxy, C^C B alkylcarbonyl, hydroxy, cyano, Ci-C 8 alkylcarbonyloxy, or-(CH2)o_e- 
NR18R19 where R 18 is d-Ca alkyl, Ci-C 8 alkoxycarbonyl, or C r C 8 alkylcarbonyl and R™ 
is hydrogen or Ci-C 8 alkyl; 

R 1 and R 2 are independently hydrogen, Ci-C 8 alkyl, Ci-C 8 alkoxy, Ci-C 8 alkylcarbonyl, hydroxy, cy- 
ano, Ci-C 8 alkylcarbonyloxy, or -(CH2)o-6-NR 18 R 19 where R 18 is Ci-Ca alkyl, Ci-C 8 alkox- 
ycarbonyl, or C^Ca alkylcarbonyl and R 1d is hydrogen or Ci-C 8 alkyl; 

R 3 is H, Ci-Ca alkyl or C7-C15 arylalkyl where aryl is phenyl optionally substituted with aC r 

Ce alkyl group or is combined with A to form a heterocyclic ring as described above; 

R 4 and R 5 are independently hydrogen, C^C^ alkyl, C2-C20 alkenyl, C3-C10 cycloalkyl, 

{CH 2 >l-2o(c3. 1 o cycloalkyl), {Chfe),.^, or-CCHJi.zoNR^R 21 where R 29 is C^o alkyl, 
C2-C20 alkenyl, C1-C20 alkylcarbonyl, C r C2o alkoxycarbonyl or benzyl; and R 21 is hydro- 
gen or Ci-C^ alkyl, wherein Ar 1 is defined above, or 
R 4 and R 5 together with the interposed nitrogen form a heterocyclic moiety of the formula: 

(R 10 ) u 

N X 



where r, q, u, R 10 and X are as defined above, 
providing that when more than one of Ar 1 , R 6 , R 10 , R 18 , R 19 , n, r, X or q is present they may be the same 
or different, or a pharmaceutical ly acceptable salt thereof. 

A compound according to Claim 1 wherein 

2 is -Ar 1 , -Ar 1 -Ar 2 , -Ar 1 -0-Ar 2 , -Ar 1 -S-Ar 2 , 

O 

II 

-Ar 1 -0-C!-Ar 2 , 

O O 

II II 

-Ai^-C-O-Ar 2 , -Ai^-C-Ar 2 , 



-Ar 1 -(CH2)i-20 Ar 2 , -Ar 1 -(CH 2 )TloO-Ar 2 -Ar 1 -O-(CH 2 )K20~ Ar 2 , -Ar 1 -^ CR6=CR 6 ^1_ 3 Ar 2 
where R 6 is H or C r C 8 alkyl, or -Ar 1 -NR 7 -Ar 2 wh re R 7 is hydrog n, Ci-C 8 alkyl, Ci-Ca alkylcarbonyl 
or Ci-Ca alkoxycarbonyl and Ar 1 and Ar 2 are sel cted from phenyl, naphthyl, f uranyl, b n- 
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zofuranyf, dib nzofuranyl, pyridinyl, thienyl, benzothienyl, imidazolyl, oxazolyl, b nzox- 
az iyl, thiazolyl, bertzthiazolyl, isoxaz lyl, benzisoxazolyl, ind nyl f indolyt, quinolinyl, iso- 
quinolinyl, carbazolyl, benzimidazolyl orfluorenyl; and Ar 1 and Ar 2 may b optionally sub- 
stituted by fluorine, chlorine, bromine, iodine, cyano, nitro, -C0 2 H, C A -C 8 alkyl, C^-C 8 al« 
koxy, C2-C 8 alkenyl, trifluoromethyl, C3-C 8 cycloalkyl, C3-C 8 cycloalkyloxy, C^Cs alkyi- 
carbonyl, C^-Ce aJkoxycarbonyl, C^C 8 alkylcarbonyloxy, -NH 2 , -(CH^^NR^ 9 where R 8 
is CVCe alkyl, C^C 8 alkylcarbonyl or C^C 8 alkoxycarbonyl, and R 9 is hydrogen or C^Cq 
alky). 

A compound according to Claim 1 or Claim 2 wherein 
A is a bridging group selected from: 

a saturated or unsaturated, straight or branched hydrocarbon chain of 1 to 20 carbon atoms 
which may have 1 to 6 sites of olef inic and/or acetylenic unsaturation; 

a group of the formula: 

-(CH^-W-tCHA- 

where m and n are 1 to 1 9, m+n is 2 to 20 and W is a group selected from -O, -S-, or -NR 14 - 
where R 14 is hydrogen, C^Ce alkyl. Ci-C 8 alkylcarbonyl, C,-C 8 alkoxycarbonyl or benzyl; 
a group of the formula: 

-(CH2) b -Y-(CH2) c - 

where b and c are 0 to 20, b+c is 1 to 20, and Y is selected from the group consisting of: 



~"WT • - ^~ . or 
or A together with R 3 and the interposed nitrogen form a heterocyclic moiety of the formula: 

-Or,' 0 "*" 

where s is 0, 1 , 2 or 3 and t is 0 to 1 5. 

A compound according to any one of Claims 1 to 3 wherein R 4 and R 6 are, independently, hydrogen, C^ 
C 12 alkyl, C2-C 8 alkenyl, C3-C 8 cycloalkyl, -(CH^o-tCrC^ cycloalkyl). -(CHJi-ioAri. -(CH 2 ) 1 . 1<r NR20R2i 
where R 20 is C^-C 8 alkyl, Qz-Ce alkenyl, C^Cg alkylcarbonyl, C^Cs alkoxycarbonyl or benzyl, and R 21 is 
hydrogen or C^Q, alkyl, or R 4 and R 6 together with the interposed nitrogen forms a heterocyclic moiety 
of the formula: 



-N X 



where q is 0, 1 or 2, r is 1 or 2, u is 0, 1 or 2, R 10 is C r C 8 alkyl and X is -O-. -S-, -NR 11 - where R" 

is hydrogen, C^C 8 alkyl or benzyl or X is CR 12 R 13 where R 12 is hydrogen, hydroxy, C r C 8 
alkyl, Ct-Cfl alkoxy, and R 13 is hydrogen or C,-C 8 alkyl, or R 12 and R 13 together with the 
interposed carbon forms a 3 to 8 membered carbocyclic ring. 

A compound according to any one of Claims 1 to 4 having the formula: 
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Q || || / R 



II / -—O-C-N-A-O-C-N 
Z-O-C-N > I \ 

in which 2, R 3 , R 4 and R 6 are defined in any one of Claims 1 to 4 or a pharmaceutical ly salt thereof. 
10 6. A compound according to to any one of Claims 1 to 4 having the formula: 

9 9 9 R 4 



15 



20 



25 



30 



II / \ II II /' 

Z-O-C-N V— O-C-N-A-O-C-N 



in which Z, R 3 , R 4 and R 5 are defined in any one of Claims 1 to 4 or a pharmaceutically salt thereof. 

7. A compound according to any one of Claims 1 to 6 wherein Ar 1 is phenyl or naphthyl. 

8. A compound according to any one of Claims 1 to 7 wherein Z is 4-phenoxyphenyl. 

9. A compound according to Claim 1 which is 4-[6-(hexylcarbamoyloxy) hexylcarbamoyl-oxy]-piperidine-1- 
carboxylic acid 4-phenoxyphenyl ester, or a pharmaceutically acceptable salt thereof. 

10. A compound according to Claim 1 which is 8-aza-spiro[4.5]decane-8-carboxylic acid 6-Q1-(4-phenoxy- 
phenoxycarbonyl)-piperidine-4-oxycarbonylJamino}hexyl ester, or a pharmaceutically acceptable salt 
thereof. 



11. A compound according to Claim 1 which is one of the following: 

4-[6-(dihexyl-carbamoyloxy)-hexylcarbamoyloxy]-piperidine-1-carboxylic acid 4-phenoxyphenyl ester, 
4-[6-(piperidine-1-carbonyloxy)-hexyfra acid 4-phenoxyphenyl ester, 

4-[6-dibenzyl-carbamoyloxy)-hexyl-carbarnoyloxy]-piperidine-1-carboxylic acid 4-phenoxyphenyl ester, 
35 4-[12-(hexylcarbamoyloxy)-dodecylcarbamoyloxy]-piperidine-1-carboxylic acid 4-phenoxyphenyl ester, 

4-{6-[4-(2,2-dimethyi-propyl)-benzyl)-heptyl-carbam 
ic acid 4-phenoxyphenyl ester, 

(Z)-4-[6-(octadec-9-enylcaitomoyloxy)-hexylcs^ acid 4-phenoxyphe- 

nyl ester, 

40 (Z)-4-[1 2-(octadec-9-enylcarbamoyloxy)-dodecylcarbamoyloxy]-piperidine-1-carboxylic acid 4-phenoxy- 

phenyl ester, 

4-[6-(hexylcarbamoyloxy)-propylcarbamoyloxy]-piperidine-1-carboxylic acid 4-phenoxyphenyl ester, 
4-[9-(nonyicarbamoyloxy)-propylcarbamoyloxy]-piperidine-1-carboxylic acid 4-phenoxyphenyl ester, 
8-aza-spiro[4.5]decane-8-carboxylic acid 6-{[1 -(4-phenoxy-phenoxycarbonyl)-piperidine-4-oxycarbonylJ- 
45 amino}-propyl ester, 

8-aza-spiro[4.5]decane-8-carboxy!ic acid 6-fl1-(4-nitro-phenoxycarbonyl)-piperidine-4-oxycarbonyl]- 
amino}hexyl ester, 

8-aza-spiro[4.5]decane-8-carboxylicacid 6-{[1-(dibenzofuran-2-yloxycarbonyl)piperidine-4-yl]-oxycarbo- 
nylaminoj-hexyl ester, 

so 8-aza-spiro[4.5]decane-8-carboxylicacid 6-{[1-(4-phenyl-phenoxycarbonyl)-piperidine-4-oxycarbonyl]- 

amino}-hexyl ester, 

8-aza-spiro[4.5]decane-8-carboxylic acid 6-{[1-(4-pentyl-phenoxycarbonyl)-piperidine-4-oxycarbonyl]- 
amino}-hexyl ester, 

4-[4-(hexylcarbamoyloxymethyl)-benzylcarbamoyloxy]-piperidine-1-carboxylic acid 4-phenoxyphenyl es- 
55 ter, 

8-aza-spiro[4.5]d cane-8-carboxylic acid 6-{[1-(3-phenoxy-phenoxycarbonyl)-pip ridine-4-oxycarbonyl]- 
amino}-hexyl ster, 

8-aza-spirot4.5]decane-8-carboxylic acid 6-{[1-(4-benzyl-phenoxycarbonyl)-piperrdin-4-yl-oxycarbonyl]- 
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amino}-h xyl est r, 

8-aza-spiro[4.5]d cane-8-carboxylic acid 1-[1-(4-phenoxy-phenoxycarbonyl)-piperidin-4-yi-oxycarbo- 
nyl]-pip ridin-4-yl ester, 

4-[4-(4-phenyl-butylcart3amoyloxy)-piperidine-1-carbonyloxy]-piperidin acid 4-phenoxy- 

phenyl ester, 

4-(4-hexytcait»amoyl-cyciohexy»carbamoyloxy)-piperidine-1^ail30xylic acid 4-phenoxyphenyl ester, 
4-[6-(hexylcarbamoyloxy)-hexy!c»rbamoyloxy]-piperidine-1-cartx)xy»ic acid 4-cyclohexy I- phenyl ester, 
8-aza-spiro[4.5]decane-8-c»rboxylicacid4^ 
no}-cyclohexyi ester, 

4-(4-hexylc»rbamoyl-pipeiidine-1-carbonyloxy]-piperidine-1-carboxylic acid 4-phenoxyphenyl ester, 
or 

4-{4-[(hexylcarbamoyloxy)methyl]-(cydohexyimethylcart)amoyl)oxy}piperidine^ acid 4-phe- 

noxyphenyl ester, or a pharmaceutically acceptable salt thereof. 

1 2. A process for preparing a compound of formula (I) as claimed in Claim 1 which comprises one of the fol- 
lowing: 

a) reacting a compound of formula: 



R 1 

O I o o 

II Ah ii II 

Z-O-C-N 1 O-C-N-A-O-C-B 

L R 3 

R 2 (II) 



wherein p, R 1 , R 2 , R 3 , Aand 2 are as defined in Claim 1 and B is a leaving group such as chlorine, 
p-nitrophenyl or imidazolyl, with an amine of formula: 

HNR4R5 (III) 

wherein R 4 and R 5 are as defined above, to give a compound of formula I as defined above, 

or 

b) reacting a compound of formula: 



o r1 

II /+i ? 

Z-O-C-N -j O-C-N-A-OH 

I R 3 

R 2 (IV) 

whereing p, R\ R 2 , R 3 , A and Z are as defined in Claim 1, with an isocyanate of formula: 

R 4 NCO (V) 

wherein R 4 is as defined above excepting hydrogen, to give a corresponding compound of for- 
mula I where R 4 is as defined in connection with formula V and R 5 is hydrogen, 
or 

c) reacting a compound of formula: 
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R 1 



H-N 



I 1 O-C-N-A-O-C-N 

R 2 R 



\ 



R 5 



R 4 



(VI) 



wherein p, R 1 - 5 and A are as defined above with a compound of formula: 



Z-O-C-B 




(vn) 



wherein 2 is as defined above and B is a leaving group, e.g. p-nitrophenyl, chlorine or imidazolyl, 

and 

if desired after any of the aforementioned processes isolating the compound of formula I as a pharma- 
ceutically acceptable salt or as the free base. 

A pharmaceutical composition comprising a compound of formula (I) or a pharmaceutically acceptable 
salt thereof as defined in Claim 1 and a pharmaceutically acceptable carrier. 
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